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ON THE VARIATIONS IN THE SPECIFIC GRAVITY OF 
THE BLOOD IN HEALTH. By E. LLOYD JONES, 
BA. PILI. 


Crom the Cambridge Pathological. Laboratory.) 


THE present. paper aims at giving an account of a eunies of - 
observations which I have recently made by a method identical in 
principle with that suggested by Prof. Roy’ for studying the variations 
in the specific gravity of the blood. 

The original method employed by Prof. Roy consisted in introducing 
a drop of the blood to be examined into a mixture of glycerine and 
water of known specific gravity, observing whether the blood tended to 
rise or sink in the solution. If the blood tended to rise, it was assumed 
that it was of lower specific gravity than the fluid in which it was 
placed ; if the blood sank it was regarded as heavier than the solution. 

In the former case another drop of the blood was placed in a 
- mixture of glycerine and water of lower specific gravity than the one 
first employed, it being again observed whether the blood rose or sank. 
By having ready to hand a considerable number of such solutions of 
glycerine in water of different specific gravities, it was not difficult to 
find one in which the blood which was being examined neither rose nor 
sank, and as its specific gravity was known the specific gravity of the 
blood examined was thus found. 

The degree of accuracy of such a method as this will depend partly. 
on the number of standard solutions employed. For many observations 
sufficient accuracy in this particular is arrived at by having at hand a | 
separate solution for each degree of the ordinary specific gravity scale— 
within those limits within which the specific gravity of the blood varies 
in different individuals at different times. These limits were found to 


1 Proc. Physiol. Soc. March, 1884, 
PH. VIII. | 1 
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be from about 1035 for the lowest or thinnest blood likely to be met 
with, and 1068 or thereabouts for the heaviest. 

For practical purposes it was found convenient to have at hand some 
thirty solutions, each differing from the one above it by about one degree 
of the specific gravity scale, These were carried in one ounce bottles, 
which for convenience in transport were fitted into a leather case. 
Beyond satisfying himself that this method could be applied satis- 
factorily in practice, Prof. Roy had not employed it for any extended 
series of investigations, and he warned me that, before undertaking any 
_ continuous research on the specific gravity of the blood by this method, 
it would be desirable to make a number of control experiments in order — 
to learn exactly the limits of possible error. 

These preliminary observations have led me to modify in some 

respects the details of the method as it was first proposed. 
In the first place it was necessary to prevent any fermentative 
changes in the standard solutions employed, by adding to them either 
thymol, or, better still, mercuric chloride. In the event of the latter 
being used, it was found necessary to allow the solutions to stand for 
some twenty-four hours in a warm bath (about 40°C.), and then to filter 
it before ascertaining finally its exact specific gravity. 

The method employed to convey the drop of blood to the conte of 
the vessel containing the standard solution contained, I found, a more 
important source of error. 

A hypodermic syringe having the fine metal cannula prolonged 
backwards into the interior of the syringe was employed, so that the 
point at which the blood entered the solution could be clearly seen. 
The syringe was first filled from one of the standard solutions, after 
_ which a small portion of the blood tested was drawn in by pulling 
back the piston. This method was doubtless convenient in practice, but 
owing to the fact that the interior of the metal cannula was already 
moistened by the solution before the blood was drawn through, an 
admixture of the two took place which vitiated the result to a more 
or less variable extent in each case. 

I found it better to use a number of fine glass pipettes with points 
bent at a right angle to the main tube, and which can readily be renewed 
at each estimation. 

In employing this method a small drop of blood is obtained from a 
prick on the finger, preferably beside the nail, from whence it can be 
made to flow easily, with trifling inconvenience, and without its being 
necessary to tie the finger or otherwise impede the circulation. A 
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portion of the drop so obtained is instantly drawn up by suction 
with the mouth into one of the pipettes just referred to, to which a 
piece of caoutchouc tubing may for convenience’ sake be adapted. 
In this it is conveyed to a small quantity of one of the standard 
solutions previously poured into a small, clean, bottle. The blood is then 
made to flow out of the pipette by gently blowing into it, while the bent 
point of the pipette obliges the fine stream of blood to escape in a 


horizontal direction. In this way it is not obliged to rise or fall by the | 


inertia due to its being forced out. A glance suffices to shew whether 
_ this stream of blood is deflected upwards or downwards in the standard 
solution—in other words, whether it be lighter, or heavier, than the 
fluid into which it is introduced. 

It should be remarked that the blood, or at least a part of it, always 
sinks eventually in solution of the specific gravity employed by me, 
whether it does so at first or not. This is presumably due to the 
- admixture of the two fluids, the red corpuscles sinking, while the 
plasma rises. For this reason it is important to note in which direction 
the stream is deflected as soon as it passes into the standard solution. 

Several control experiments were made in order to observe whether 
the unavoidable variations in the temperature of the standard. solutions 
employed sensibly affected the result, Such was not found to be the 
case. 


Practice enables one to determine the specific gravity of the blood 
very rapidly by this method, seeing that by experience it is possible from 


_ the appearance of the patient to form an approximate idea of what the 
specific gravity of the blood about to be examined will be. I once, for 
example, measured the specific gravity (to one degree of the ordinary 
scale) of sixty-two persons in the space of an hour and a half. 

Care was taken to control the above-mentioned sources of error as 
well as certain others to be hereafter referred to. 

Particularly is care required to separate the effect of one cause from 
that of others acting at the same time. This source of error I sought 
to avoid by making a large number of measurements of the specific 
gravity of the blood of different persons under known conditions, and 
where practicable making control experiments upon myself. 


I. Specific gravity of the blood in both sexes at different ages. 


With the view of investigating the effects of age and sex on the 
specific gravity of the blood, I made observations on three hundred and 
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4 LLOYD JONES. 
sixty-two individuals of both sexes, ‘and of ages varying from birth to 


over ninety-two years. 

- From these determinations I have constructed the curves given on 
Pl. I. in which the abscissae give the ages; the ordinates at each age 
being the mean specific gravity of the blood of the persons experimented 
upon at that age. 

The continuous line represents the variation of the specific gravity 
of the blood of the males, the interrupted line gives that of the females. 

These curves represent therefore the variation of the mean specific 
gravity, with age, in the two sexes. The figures below the curves state 
the number of persons of each sex on which observations were made at 
each age. These figures shew that the number of measurements at some 
ages was greater than at others; but this fact does not alter the general 
accuracy of the curves. It may be added that these measurements were 
not taken from any special class in society, and also that although they 
do not include measurements made upon persons who complained of any 
illness, it was not sought to confine the observations to persons only in 
robust health. In other words, I chose for my observations persons in 
ordinary health. 

The results as expressed in the curve on Plate I. are sufficiently 
remarkable. 

The specific gravity is seen to be highest at birth, being then 
about 1066 in both sexes. The specific gravity of the mother’s blood © 
being then much lower, about 1040. 

Within the first two weeks after birth the specific gravity falls in 
both sexes, and continues to fall until the second year. In children 
over 2 weeks and under 2 years old, the average was found to be 1048 
for the male, and 1050 for the female. 

From this point there is in each case a rise, ait this rise is at first 
more marked in the female, for between the ages of 6 and 12 the mean 
specific gravity according to my observations is in the male 1050°5, in 
the female 1052. 

These conditions are however soon reversed, the mean in the male — 
continuing to rise more’ rapidly than in the female to a point (1058°5), 
which is arrived at about the age of 35 to 45; whereas in the female at — 
that age it is much lower, 1051°5. 

From soon after birth till the age of puberty the specific gravity of 
the blood in the male rises more rapidly than at any other period of life. 
From the time of puberty to the age of 35 to 45 the rise continues, but 
is more gradual, 
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In the female the specific gravity of the blood rises from its 
minimum (which occurs during the first one or two years of life) at first 
rapidly, and then more slowly, the curve describing a rounded summit 
about puberty and in the years following. 

The average of the measurements in young women between the ages 
of 12 and 18 being the same (1053) as that of women of the ages from 
18 to 25. 

This first, rise is followed by a well-marked fall, which reaches its 
lowest point (1051°5) between the ages of 25 to 35, and which 
corresponds in fact more or less exactly with the period of life during 
which child-bearing is carried on. 

The average specific gravity of the blood of women of the ages 
35—45 shews that the blood at that age is thicker than before the fall 
just referred to. 

- After 35—45 years the specific gravity of the blood in the female 
continues to rise very slightly till the age of 65—75 is reached, after 
which there is a slight fall with extreme old age, 

The maximum in both sexes is 1066 and is attained at birth. 

The nearest subsequent approach to this maximum specific gravity in 
the male is 1058°5, and is arrived at between the ages of 35 and 45. 

The nearest approach to the maximum specific gravity in the female 
is 1054°5, and is arrived at between the ages of 65 and 75. 

In each case the arrival at this point is followed by a senile fall slight 
in the female, but well marked in the male; and the mean specific 
gravity in persons of both sexes over 75 is found to be about 
10538 to 1054. 

As at birth, so in the ‘sans everything’ stage of extreme old age, the 
mean specific gravity of the blood in the two sexes is the same. 

The specific gravity tends on the whole to be higher in the male 
than in the female; it is equal in the two sexes only at birth and in 
extreme old age. 

The curves on Plate I. represent the average soodie gravity of the 
blood at different ages, and I have now to consider some other influences 
which modify the specific gravity of the blood in the individual; these 
influences are very numerous. 


II. Pregnancy and Child-birth. 


With regard to the physiological condition of pregnancy, the specific 
gravity of the blood in eight cases was found to be somewhat below the 
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average mean specific gravity in non-pregnant females of the same age. 
_ The highest recorded was 1054°4, the mean 1049°9, the lowest, 1042 ; 
the average specific gravity in non-pregnant females of the same ages 
being 1052°1. 

The mean specific gravity of the blood during pregnancy is therefore 
‘ somewhat lower than that of the non-pregnant female of the same age. 
What change in the specific gravity of the blood of any given indivi- 
dual results from pregnancy, I have at present no means of knowing. 

After labour, the loss entailed by haemorrhage was found, in all the 
cases examined, sufficient to cause a well-marked fall in the ——— 
gravity of the blood. 

In a typical case without profuse haemorrhage there was a fall after 
labour from 1050 to 1040. The blood of the newly-born child is, as 
already mentioned, always higher than that of the mother before labour. 


III. Food and Drink. 


Both eating and drinking tend to modify the specific gravity of the 
blood. The study of the effects produced by meals and the water or 
other fluid taken with them requires some care, seeing that the changes 
in the specific gravity of the blood which result from these causes may 
easily be masked or exaggerated by those resulting ,from exercise, 
excitement, &c. To eliminate as far as possible such sourges of confusion, 
I made a number of control observations on the specific gravity of my 
own blood and of that of some oth®r persons. 

The ingestion of an ordinary mixed meal led in all, or nearly all, 
cases to a fall in the specific gravity of the blood, which was more marked 
if water or very watery fluids formed a part of the meal. 

If alcohol in the form of ale, wine, or diluted spirits were also taken, 
this fall was generally absent or replaced by a rise. 

Lean meat taken alone led to a rise in the only case in which this 
experiment was tried, 

The primary fall after an ordinary meal is followed by a rise, which 
does not however suffice to raise the specific gravity of the blood to that 
which it presented before the meal was taken. This fact will be again 
referred to when speaking of the diurnal changes in the specific gravity 
of the blood... 

The following examples and the curve on Pl. I. illustrate the — 
effects of food and drink on the specific gravity of the blood. 
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In man, aet. 23, specific gravity was taken before a mixed meal, without q 
alcohol, water, or watery fluids.  —- 


It was 1061. q 
Half an hour after 1060. 
Two hours after 1060. q 
If water formed a part of the meal this fall was more sian | q 
thus :— | 
Man, aet, 23: | | q 
Sp. gr. before meal } hour after. hour. 2hours. 4hours, 
with water. : q 
1060 1058-5 1060 — 
1060 1058 1058 q 

1060 1058 

10595 1059 


If coffee or tea were taken the same fall was still observed :— 


Sp. gr. before meal 4 hour after. # hour. 2 hours. 4 hours. 
with coffee. 
1060°5 1059 
1060°5 1060-2 
1062 1061°7 1060°5 
Sp. gr. before meal 
with tea. 
1060 1058 
1060 1059 
1060 1059 


As saienle stated, meal without carbohydrates or fat was only q 
once taken, and a rise was observed. 


Before taking lean meat, Sp. gr. 10544, 
1 minute after, ,, 1054-4. 
10 minutes after, ,, 1055. 
15, 20, 45 and 55 minutes after, ,, 1055. 


During abstinence from food the effects are different, according to 
the length of the fast and the amount of exercise taken. 
Brief abstinence with exercise led to a rise in 54 hours from 1059 . 
to 1061°6, but prolonged abstinence always tends to cause a fall. The 7 
permanent effect of food is to keep up the specific gravity of the blood. 4 
The accuracy of these results was borne out by the effects observed 
on taking water alone, 
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Man, aet, 23, took 
24 oz. water at time, sp. gr. being 1060-5. 


5 minutes after, 1059°9. 
40 minutes after, ” 1057. 
65 minutes after, ‘i 1056°7. 


8 oz. more were then taken, 
and half an hour after sp. gr. was 1056°5. 


‘While examining some soldiers I found that the blood of one 
healthy man was of very low specific gravity, and was thereby led to ask 
him if he had not been drinking water in some quantity. I received 
the answer that he had “drunk a pint or so” a short time previously. 
The specific gravity of his blood was 1050. 

If alcohol be taken with the food the fall is not observed, unless 
perhaps when much beer is taken. 


Sp. gr. in man before 10 min. after. 4 hour. 2 hours. 
food with wine. | 
1060°5 1061 
1060°6 1060°8 1060°8 
1056 (with whiskey) 10585 


This effect of alcohol when taken with meals seems to me of much 
interest and importance. As I am at present engaged in studying the 
matter further, I prefer to say no more on the subject here. 


IV. Diurnal Variation in the specific gravity of the Blood. 


We have seen that food tends to lower the specific gravity of the 
blood, and that the fall so produced is not entirely recovered from before, 
in the ordinary course of daily life, another meal is taken, The result 
of this is that, where other influences do not come into operation, the 
specific gravity of the blood tends to fall step by step with each meal, 
and is therefore lower at night than in the morning. 

This is well shewn in the curve on Plate I. which represents the — 
variation in the specific gravity of the blood during twenty-four hours, 
which resulted from the ingestion of meals (without alcohol) and from 
sleep. 

The times when the meals were taken are marked by interrupted, 
vertical lines, and the curve shews that breakfast, mid-day dinner, tea 
and light supper each caused a fall in the specific gravity of the blood. 
In this particular instance the fall was from 1060°8 before breakfast to 
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1059°1 after supper. During sleep the specific gravity of the blood rose. 
In all my observations upon this point I have found sleep to be 
accompanied by a rise in the specific gravity of the blood. The amount 
of the rise may vary in the same individual on different nights, as the 
following figures will shew :— 


+e man, aet. 23, the specific gravity in the fai was 


At night before sleep. In morning on waking. 
1058°5 1060°3 
1060-2 1060°8 
1060 1060°8 
1060°5 1061:2 


The.curve on Plate I. may serve as a type of the daily and nightly 
changes in the specific gravity of the blood when all other influences 
except sleep and food are as far as possible eliminated. Of these 
latter one of the most important is :— 


V. Muscular Exercise. 


The specific gravity of the blood falls with moderate exercise con- 
tinued for a short time, but rises when this is continued longer. When 
perspiration becomes profuse there is a rapid rise, and it should be noted 
that the specific gravity rises then to a point higher than it was at 
starting. 

For example : 

In man, aet. 23, it was before gentle exercise on a cool day 1060°5. 


After a walk of about two miles © 1059. 
Again, before tennis. 1061, 
After two hours’ play on a cool evening 1060°2. 
At another time, before exercise ——- 1058°5. 
After running 4} miles 1061. 


After tennis during a hot afternoon it rose to 1063, with great thirst, 


Such were the results generally obtained, namely, gentle exercise on 
a cool day not prolonged or leading to active perspiration led to a fall in 
the specific gravity, the same more prolonged led to arise. On a hot 
day the fall was not always demonstrable. 

I may mention that while examining some soldiers I was able to 
detect a man who had been on guard for some hours by his exception- 
ally low specific gravity. The exercise had not led to sensible perspira- 
tion. The specific gravity in this case was about 1054. 
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Besides the influences already mentioned, there are many other 
agents which modify the specific gravity of the blood, such as mental 
excitement or emotion &c.; indeed every important act of one’s daily life, 
if sufficiently prolonged, can be seen to affect the specific gravity curve 
of the blood. The intensity of such causes cannot well be defined, and 
their effects are so frequently complicated with those of the other 
causes to which I have already referred, that much danger of confusion 
would arise in attempting to isolate them. | 

The effects on the specific gravity of the blood of cold and of Turkish 
baths may however be mentioned. 

The Turkish bath, as might be expected, causes a rise in the 
specific gravity of the blood. I give the measurements made in one 
instance :— 

: Man, aet. 23, entered bath at 1 p.m. sp.gr. 10605. 


1.40 . 1060°9. 
After cold 1 inhotroom 1.55 1061. 


— On investigating the effect of a cold bath on the specific gravity of 
the blood, it was found that if the skin of the part from which the blood 
was taken became blanched the blood was always higher in specific 
gravity than before the bath. 

I give two examples in illustration :— 


Before bath. After bath. 


(a) 10602 
wesc 


If the skin do not become anaemic from the cold no change in the 
specific gravity of the blood is found to occur. 

This brings me to some of the most curious and unexpected results 
of my observations on the influences which modify the epecific gravity 
of the blood taken from a puncture of the skin. 

I refer to :— 

The effects of passive congestion of any part of the skin on the 
specific gravity of the blood taken from it by needle puncture. 


VI. Passive Congestion. | 
This can readily be studied by tying a fairly tight ligature round 
the finger. I give two examples to illustrate the effect of this :— 
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The P gr. in finger was successively determined as :— 


10566 
1056-6 


It was then tied round tightly for one minute: the sp. gr. rose to 10571. 
| Released and re-tied for 3 min. sp. gr. 1059. 
5 min. 1061. 
It was then untied, and after two minutes, the circulation being restored, 
the sp. gr. was 1056.6. 


In another experiment : 
Before tying the sp. gr. was 1060°5. 
After tying for 2 minutes 1062. 


The rise of the specific gravity of the blood taken from the finger 
after ligature in these cases is so striking, that it was only after many 
repetitions of the experiment that I was forced to conclude that it was 
not due to some error of observation on my own part. I was all the 
more inclined to look for some error of observation, seeing that results 
so unexpected seemed at first sight to throw doubts on the value of all 
my measurements. Careful control has however only served to confirm 
the accuracy of the results obtained on causing passive congestion of the 
skin in this way. 

The possibility at once presented itself that venous blood is of a 
higher specific gravity than arterial blood, and that the blood from the 
strangulated finger is heavier than that taken under normal conditions 
because it is more venous, This explanation was not supported by a 
measurement which I had the opportunity of making on the specific 
gravity of the blood taken directly from the carotid artery and jugular 
vein of a cat. The blood from the carotid in this case was slightly 
lighter than the blood in the jugular, but so slightly that the difference 


could not for a moment be compared with that from the finger before — 


and after causing passive congestion. 

The probable explanation does not seem to me far to seek. In 
passive congestion such as that produced by tying a ligature round the 
finger, we have arrest of the outflow by the veins without complete 
_ closure of the arteries. This leads to a greatly increased pressure in the 
veins and capillaries, which is accompanied by an increased exudation 
of serum through the walls of these vessels. The escape of this serum 
through the vessel walls leaves the blood in the vessels poorer in serum 


and richer in blood corpuscles, and therefore heavier than before passive — 
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congestion was produced. On wounding the skin now with a needle 
we open at the same time a number of blood-vessels and lymphatic 


_ radicles and canals. From the vessels the thickened blood will escape 


from the wound more rapidly than the exuded serum will escape from 
the lymphatic channels ; partly, because the pressure in the blood-vessels 
is greater; partly, because the friction, as we must believe, is less than 
in the rootlets of the lymphatics. This to my mind is a plausible 
explanation, though it may possibly not appear so to some; but of the 
fact that passive congestion causes the specific gravity of the blood in 
the congested part to be higher than in the same part when in an 
uncongested state, there is, I am convinced, no room for doubt. 

These observations point to what must be a serious source of possible 
error in estimating the number of blood corpuscles by the Malassez or 
Gower methods, in which for convenience of obtaining a drop of blood 
from a small needle prick a ligature is not infrequently tied round the 
finger. This source of error may be avoided according to my observa- 
tions by introducing the needle into the skin at the side of the nail and 
simply squeezing the neighbouring: parts quickly by the fingers of the 
_ operator, This method I have not found to cause any important rise 
in the specific gravity of the blood so obtained. 

I give some examples :— 


Sp. gr. in finger, without squeezing 3 Sp. gr. in same finger, after squeezing 


blood out, on three occasions. blood out, on same three occasions. 
-1060°5 -1060°5 
1060°5 1061 (very small wound) 
10566 1056-6 


Sp. gr. after squeezing a small needle prick on another occasion 1056-6, 
1056°8. Two determinations, after making a free incision, 1056-6. 


The effect of passive congestion on the specific gravity of the blood 
taken from the fingers naturally led me to inquire into the question 
how far blood taken from different parts of the skin, which normally 
present differences in the richness of their blood-supply, varies in 
specific gravity. 

I soon found that blood taken from the toes is usually of about the 
same specific gravity as that taken from the fingers, while blood taken 
from the skin of the front part of the leg has a much higher specific 
gravity and is usually darker in colour. This difference was observed 
even in young children (e.g. in a boy of 4 months old), although at birth 
it is little marked. 


i 
4 
é 
a 
| 
a5 


_ foregoing pages may be briefly recapitulated here. We have seen that. 


appears to me —— of further investigation. 
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I give some examples in persons of different ages :— 


Boy, aet. 4 months; 
; | Sp. gr. finger 1045 


shin 1052 
toes 1045 
Boy, aet. 3 years, who had been lying in bed for 3 months : 
finger 1049 
shin 1052-9 
Man, aet."23 

Evening. Morning 
fingers 1060°5 1061°5 
shin 1064-5 1064°7 
toes  1060°5 1061°5 

_ Same. Free incisions with scalpel : 
Evening. 
fingers 1056°6 
shin 1062-2 
toes 1056-6 


As to the cause of this difference in the specific —_r of blood 
taken from the comparatively anaemic skin of the leg and that from the 
skin of the fingers and toes, the explanation is by no means so simple 
as in the case of the passively congested finger. It is possible that in 
the loose cellular tissue of the leg the exudation from the vessels is 
considerable, and that owing to the freedom of escape by the lymphatics 
the exuded serum is not exposed to high hydrostatic pressure, so that it 
escapes in comparatively small amount by the puncture. The subject 


Conclusion 
Some of the principal vinaiia which have been referred to in the 


the specific gravity of the blood, while depending probably upon a large 
number of other factors, is influenced principally by the following :— 

Age and sex. The specific gravity is highest at birth, being at a 
minimum between the second week and the second year, and rising 
gradually to a point attained in the male between the ages of 35 and 
45, in the female after the climacteric. 

I find that, as a rule, the specific gravity of the blood tends to be 
higher in the male than in the female, and that in the female the child- 
bearing : is marked by a fall. 
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The specific gravity in the two sexes is probably only the same at 
the extremes of life. 


Pregnancy and childbirth. The effect of pregnancy in the ten cases 


examined was to diminish the specific gravity of the blood to a slight — ‘on 


extent, though it still remained well within the healthy limits. 

The ingestion of food—solid or liquid. The immediate effect of 
mixed food, we have seen, was to cause a fall in the specific gravity of 
the blood ; if alcohol were taken this fall was not observed. 

Exercise was found to cause a fall in the specific gravity if gentle 
and not too prolonged. If perspiration became well marked, the 
specific gravity rose, as it did when more violent exercise were taken. 
| The conditions of the circulation in a part we have also seen modify 
_ the specific gravity of the blood circulating through it; that, for instance, 

the specific gravity of the blood is high in a passively congested part. 

It was also found to vary in a remarkable manner in different parts 
of the body. 

Further, beside being subject to these sources of change it varies in 
a definite way during the twenty-four hours, tending to fall during the 
day and to rise during the night’s rest. This variation we have called 
the ‘diurnal variation’ of the specific gravity of the blood. 

There are doubtless many other causes, both intrinsic and extrinsic, 
which produce alterations in the specific gravity of the blood. In fact, 
there seems reason to believe that even states of the mind and other as 
delicate conditions exercise such an influence. 

This paper may have served to point out some of the more cipesiant 
or constant of these causes. It does not profess to do more. Nor does 
it afford a complete resumé even of the experiments actually made. It 
is intended to indicate their general tenure, and to pave the way perhaps 
to a more detailed treatment of some other parts of the subject. 


CURVES ON PLATE I. 


1. Curve shewing variations in mean sp. gr. of the blood at different 
ages. The continuous line represents the sp. gr. of the blood in males while 
the interrupted line records that of females. 

2. Curve of sp. gr. of blood shewing the effects of food and ‘sleep. From 
man, aet, 23. 

3. Shews the influence of moderate and violent exercise on sp. gr. of 
blood. From man, aet. 23, 
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1054 | 
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CONCERNING THE ACTION OF CALCIUM, POTAS- 
SIUM, AND SODIUM SALTS UPON THE EEL’S 
HEART AND UPON THE SKELETAL MUSCLES 
OF THE FROG. By SYDNEY RINGER, MD., F.RS., 
Professor of Medicine in University College, London, ann DUD- 
LEY W. BUXTON, MD, BS, MRCP, Anaesthetist in 
University College H ospital. 


THE subject of the present paper involves many facts which have 
been already demonstrated as far as the batrachian heart is concerned. 
It will be best first to recall these facts and then to detail experi- 
ments made with a view to ascertain how the heart of the eel behaves 
under similar conditions, namely, when varying solutions are circulated 

through it. 
In the case of the batrachian hearts a saline (‘6 °/,) mlation fails to 
sustain ventricular contraction’. 
When saline circulates through the frog’s ventricle the contractions 
rapidly get weaker; after a while a partial recovery may occur, but in 
about twenty minutes the heart ceases its spontaneous beats and is 
inexcitable by even strong induction shocks. When the contraction is 
-weakened dilatation of the ventricle is delayed, and later on the same 
delay reveals itself in the systole. In the same series of experiments it 
was shewn that in physiological doses potassium salts added to the 
circulating saline do not enable it to maintain the contractility of the 
ventricle, indeed under their influence the ventricle ceases to contract 
sooner than when simply saline is circulated. __ 

It was also demonstrated that bicarbonate of sodium in saline 
- cannot support the heart’s contractility. This salt has the power of 
restoring contractions in some degree when these have stopped, owing 
to the ventricle being fed with saline; but after some minutes, sub- 
sequent to the addition of the soda salt, the beats again cease and the 
ventricle stops in partial systole. 


1 On the Influence of the Blood Constituents on the contraction of the Hien. 
8. Ringer, this Journal, Vol. tv. No, 1. p. 33. 7 
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In the case of lime salts the following facts were elicited. Calcium 
chloride added to saline, when the heart has its beat greatly weakened 
or arrested, will initiate vigorous beats which however rapidly take on a 
character peculiar to lime salts, and differing widely from the trace 
obtained when blood solution is used. Thus, the trace grows broader, 
the summit becomes rounded, and dilatation is greatly delayed. It was 
also shewn that these effects of lime can be completely obviated by 
adding a physiological dose of potassium chloride. Thus, although 
potassium chloride in saline is less capable of promoting contraction 
than saline by itself, and while calcium chloride in saline produces 
great delay in the dilatation of the ventricle with fusion of the beats, 
the mixture of these salts produces a normal beat. While however 
potassium chloride does away with the broadening of the trace due to 
the lime, it also lessens the height of the trace, or in other ways 
somewhat weakens contraction while it hurries dilatation. Now the 


addition of a physiological dose of bicarbonate of sodium to this fluid 


obviates the weakening effect of the potassium salt and induces complete 
contractions. And this fluid, consisting of saline containing physiological 
quantities of calcium chloride, potassium chloride and sodium bicarbonate, 
will sustain good contractions for a considerable time. However, sub- 
sequent research demonstrated that a circulating fluid so composed did 
not sustain the heart’s contractions equally well for all seasons of the 
year. 
And we found that a circulating fluid consisting of saline saturated 
with calcium phosphate, with a physiological quantity of potassium | 
chloride, was much more efficacious in maintaining normal contractions, 
which continued for several hours and were not affected by the season 
of the year. | 

It was determined to test whether the results arrived at above 
would hold good for the fish’s heart. The common eel (Muraena 
anguilla) was selected and was experimented upon in a Roy’s tonometer. 
The eel’s heart consists of a’venous sinus and auricle and a ventricle; it 
is fixed in its pericardial chamber by fibrous bands, in some of which 
vessels run to supply the heart. From the ventricle a good sized aorta 
springs ; this vessel is bulged out just as it leaves the ventricle. 

The tissue of the eel’s heart is extremely friable and hence manipula- 
tion of the ventricle itself is almost impossible, while the structure of 
the sinus and auricle render them unsuited for the introduction of a 
cannula, As to the nourishment of the heart muscle, it is as stated 
above supplied in part by vessels running in the pericardial bands, but 
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is in the main fed by imbibition, the inner part of its substance being 
spongy. 

With respect to the method of our experiments we may say that 
after some initial trials it was found best to open the aorta, having 
previously ligatured the heart in the auriculo-ventricular groove. The 
aortic valves are then cut by scissors introduced into the aorta and 
the perfusion cannula passed into the ventricle through the aorta, care 
being taken that it really travels well beyond the valves. The cannula 
is then tied in-and the other parts cut away from the ventricle. The 
heart may then be placed in the oil chamber, and will beat vigorously 
for very many hours provided the circulating fluid be favourable ; indeed 
the eel’s heart will outlive a frog’s heart. The trace obtained from the 
heart of an eel of the weight of rather less than a pound is excellent. 
It resembles the trace obtained with the frog’s heart; although some- 
what larger, its details are much the same, so has the descriptions of 
the traces are quite comparable. 

When the eel’s heart, prepared as above described, i is fed with a blood 
solution it beats vigorously; as soon however as this is replaced by a 
saline solution (‘6 °/,) the beats rapidly grow weak, and in three or four 
minutes almost cease. If now potassium chloride solution (1 °/,) be added 
in proportion one c.c. to the hundred, no return of the contractiuns occurs. 
So that the eel’s heart, like that of the frog, cannot contract either with 
saline or saline and potassium chloride circulating through it. Bicarbo- 
nate of sodium, added directly to a saline fluid, was quite inadequate to 
support the ventricle. At first the usual saline diminution of the beat 
took place; the bicarbonate was added, 2 c.c. of 1°/, solution to each 
100 c.c.; the weakening continued for some time, when a faint increase 
in the size of the contraction appeared, but this did not last. In this 
respect the result quite agrees with what obtains in the case of the 
frog’s heart. The addition of potassium chloride to such a solution does 
not revive or maintain the beat; although a barely appreciable 
increased amplitude in the trace follows, this soon wears off; so that 
in respect of this slight improvement the eel’s heart differs from the 
frog’s heart. 

We next experimented with lime salts. When an eel’s ventricle, 
beating well with a blood circulating fluid, had that medium replaced 
by saline and the contractions had become very feeble, the saline was 
replaced by saline saturated with phosphate of lime. The-contractions 
speedily increased in strength until they became complete; there was 
however great delay in dilatation, leading to fusion of the beats. 

PH. VIII. 2 
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When the ventricle was left exposed to this circulating fluid the 
contractions weakened, persistent spasm appeared, and with it still more 
delay in dilatation. 

In all these particulars a striking correspondence is seen to exist 
between the eel’s heart and that of the frog. And in working with the 
eel’s heart we further found, that it was necessary to add the phosphate 
of lime very soon after the heart had been weakened by saline, other- 
_ wise little or no amendment followed the addition of this lime salt. If 
however such failure to effect recovery did occur, we found that adding 
potassium chloride in adequate quantities always resulted in complete 
recovery. The actual dose of potassium chloride varied, although 3 c.c. 
of 1°/, solution in the 100 c.c. phosphate saline was the best working 
quantity we obtained. 

The delay in dilatation which followed supplying a vigorous 
ventricle with phosphate of lime saline was however obviated by half 
this dose of potassium chloride. 

Further, our observations show that, as in the case of the frog’s heart, 
the heart of the eel can be sustained for several hours, giving good 
beats when supplied with phosphate of lime saline to every hundred c.c. 
of which 1 ¢.c. potassium chloride 1 °/, solution had been added. 

But we also found that after several hours the beats, although 
maintaining their normal character, became much weakened, and then 
the addition of further quantities of chloride of potassium were able to 
restore the contractions completely. Subsequently a further decline of 
the contraction was again obviated by adding more potassium chloride, 
and this was repeated again and again until in some cases we kept the 
heart contracting completely with as much as six c.c. of the potassium 
chloride solution in the hundred of phosphate of calcium saline. 

We next investigated the action of calcium chloride. 

The eel’s ventricle was first started with a blood circulating fluid, and 
this was shortly changed for a simple saline fluid, and so soon as the 
heart’s beats had almost stopped 1 c.c. calcium chloride (one per cent. 
solution) was added to each 100c.c. The beats soon grew stronger, but. 
persistent spasm, with delay in dilatation, came on almost immediately 
together with a certain degree of fusion. So marked were these “lime 
effects” that subsequent addition of even large doses of potassium 
chloride solution altogether failed to counteract them. 

Summarising the results we have arrived at, experimenting with the 
eel’s heart, we may say that, like the frog’s heart, it cannot maintain its 
contractions when supplied with a circulating fluid composed of (a) 
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simple saline, or (b) saline plus potassium chloride, or (c) saline plus 
sodium bicarbonate, or (d) saline plus both these salts. 

(e) Phosphate of calcium added to saturation to saline can sustain 
contractility but leads to great delay of dilatation with persistent 
spasm and fusion of the beats. | 3 

(f) This delay of dilatation, this persistent spasm and fusion of the 
beats, are completely obviated by the addition of potassium chloride. 

(g) So that we find we possess an excellent circulating fluid capable 
of maintaining the heart for several hours, which consists of — of 
calcium saline, with potassium chloride. 

(h). That calcium chloride solution is inferior to the Shospbnte | in its: 
powers of supporting contractility. 

(4) So that we find from the preceding st statement of our experiments 
that the frog’s and eel’s heart correspond in almost all particulars. 
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REGARDING THE ACTION OF LIME POTASSIUM 
AND SODIUM SALTS ON SKELETAL MUSCLE. By 
SYDNEY RINGER, MD., F.R.S., Professor of Medicine at 
University College, London. 


DurInG the months of May and June I made a series of experi- 
ments intended to ascertain whether minute quantities of calcium and 
potassium salts affect skeletal muscle as they do cardiac muscle. 

I have already shown that an artificial circulating fluid free from 
organic substances does not, unless it contains a lime salt, sustain 
contractility in cardiac muscle, and that the contraction which occurs 
when the ventricle is fed with °6°/, saline solution containing a lime 
salt is abnormal, dilatation being greatly delayed unless the lime salt is _ 
partially antagonized by a small quantity of a potash salt. I find that 
‘6 °/, saline solution, saturated with phosphate of lime’, antagonized by a 
small quantity of potassium chloride, will sustain for many hours the 
contractility of the frog’s heart. 

Although difference in function implies difference in chemical con- 
struction, still the difference in function between cardiac muscle and 
skeletal muscle is so slight, that it is fair to expect that substances 
which affect cardiac muscle will in a greater or less degree affect in a 
similar manner skeletal muscle. 

Dr Brunton has already published some experiments made with 
the gastrocnemius muscle. He finds that “calcium and potassium salts 
affect skeletal muscle, as they do cardiac muscle.” “Calcium in dilute | 
solutions prolongs the duration of the contraction in the gastrocnemius 
of the frog. Potassium salts subsequently applied shorten the contrac- 
tion’.” 

I am induced to publish the experiments recorded in this paper 
because the results I obtained differ in several respects from those 
obtained by Brunton. 

I selected the sartorius, because, this being a very thin muscle, salts 


1 This Journal, 1886. 
3 Proceedings of Royal Society, 1883. 
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could more rapidly diffuse into or out of the muscular tissue and more 
readily influence the contraction. 

I carefully separated the sartorius from the pelvis and dissected it 
from the other muscles, leaving it attached only by its lower end, and 
then cut off all the tissues except the bone into which the sartorius is 
inserted. I then placed the muscle in 200 c.c. °6°/, saline solution, 
fixing the lower tibial end, and applied the electrodes to the lower end 
of the muscle. The cut pelvic end I secured with a ligature and 
attached this to a recording lever suspended by a very thin piece of 
india rubber, which the contracting muscle stretched. I so arranged the 
apparatus that the ligatured muscle was merely suspended and not in 
any degree stretched. 

To the saline solution I added the testing fluid, employing 1°/, 
solutions of calcium chloride and of potassium chloride. 

I excited the muscle by single induction shocks from a du Bois 
induction apparatus with a single Daniell’s cell, 

When the muscle is placed in ‘6 °/, saline solution, rapid contractions 
occur as I have already described’. After a few minutes’ immersion in 
saline solution and even before these contractions cease, on stimulating 
the muscle sufficiently to excite a fairly strong contraction, i.e. the coil 
standing at 6, there occurs a good deal of “contraction remainder.” If 
the contractions are rapidly induced, this “ contraction remainder” soon 


_ wears off, but returns if an interval of one or two minutes elapses 


between them. 

The addition of a small quantity of calcium chloride, 1 part in 5000, 
entirely prevents in three to four minutes this “contraction remainder.” 

On frequently exciting the muscle placed in ‘6 °/, saline solution, 
for instance thirty times in the minute, so as to induce moderate 
contractions, gradually increasing the strength of the stimulus as the 
contractions grow weaker, until the coil stands at 0, I find that con- — 
tractility becomes exhausted in an hour and a half to two hours. 

In both these respects the effect of saline solution on skeletal 
muscle is very different from the effect on cardiac muscle. For saline 
solution induces in the heart no persistent contraction, nor anything 
like contraction remainder, and the contractions rapidly grow weak, the 
heart ceasing to beat in a few minutes and remaining in complete 
diastole. 

The difference in the time contractility persists may probably be 


1 This Journal, 1886, 
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explained in part by the difference in texture between cardiac and 
skeletal muscle. The spongy condition of the frog’s heart allows the 
saline solution to come freely in contact with the muscular tissue and to 
diffuse out its lime and potash salts, whilst the more solid sartorius 
permits diffusion much more slowly. I have shown too that when serum- 
albumin is dialysed for several days, and then added to saline solution it 
sustains contractility in the frog’s ventricle though the contractions are 
weak, and dilatation is much delayed, the fluid in this latter respect 
acting like a lime salt. On drying and incinerating the residue, the ash 
I find contains plenty of lime, therefore it is impossible to say whether 
the action of serum-albumin is due to the albumin or to the lime 
chemically combined with it. Anyhow the construction of skeletal 
muscle, ie. its sheath and the fibrous septa between the muscular fibres 
would render diffusion of the albumin with its combined lime salt 
very slow and difficult; more so than in the spongy ventricle of the 
frog, the trabeculae moreover being covered by a very thin endo- 
cardium. With the frog’s heart, fed with saline, when contractility 
ceases, the addition of a small quantity of a lime salt, such as calcium 
chloride or better calcium phosphate, restores good contractions; the 
addition of a lime salt under similar conditions does not restore the 
contractility of skeletal muscle. 

Does this difference indicate a fundamental difference between 
skeletal and cardiac muscle? The difference may be due in part to the 
texture of the respective muscles—the condition of the sartorius being 

opposed to diffusion of albumin and inorganic salts from or to the 
muscle. For, although the addition of lime to saline will neither 
improve weakened contractions nor when lost restore them, if saline 
plus lime salt is used, then contractility persists much longer than if saline 
simply is employed. With saline containing a lime salt contractions 
in the sartorius will continue when excited thirty in the minute for six 
to eight hours, instead of, as with saline, an hour and a half to two hours. 
Still the diffusion rate does not explain all the difference between cardiac 
and skeletal muscle. For if large quantities of calcium chloride, after 
the. skeletal muscle has become weak, are added to saline enough 
to affect the contraction in other ways, as for instance enough to remove 
any “contraction remainder,” still no improvement in the contractions 
ensues. It is obvious then that if the lime will prevent “contraction 
remainder” it must have diffused into the muscular tissue and yet 
without strengthening the weakened contractions. 

On adding even large doses of lime chloride to saline I am unable to 
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prolong contraction in the sartorius or delay relaxation, in this respect 
differing from Brunton’s results with the gastrocnemius, and differing 
too from the effect of saline and calcium chloride on cardiac muscle. 

I first tested the action of 200 c.c. saline solution containing 4 c.c. of 
CaCl’ solution. This prevented any contraction remainder. Then I added 
2 cc. of 10°/, solution of CaCl’, and subsequently another 2 c.c, and a 
third 2 c.c. without prolonging the contraction or retarding relaxation, 
but the contraction became a little weakened, showing that the lime 
had diffused into the muscular substance in sufficient quantity to 
produce this effect. 

This difference between skeletal muscle and cardiac muscle cannot 
be explained by difference of construction, cardiac muscle of the frog 
permitting more rapid diffusion; for even small quantities of lime 
chloride (1 part in 5000 parts of saline), obviate contraction remainder. 
- Jt is evident therefore that lime diffuses into the muscle, ne it does 
not affect the sartorius as it affects cardiac muscle. 

The construction of the muscle and its influence in lessening 
diffusion of serum-albumin and its combined lime would explain the 
long-sustained contractility: but, if skeletal and cardiac muscle are 
alike as regards their behaviour to salts, then the relaxation of the 
sartorius after a contraction should be delayed either by the effect of 
albumin itself or by the action of its combined lime; but as I have said 
there occurs with the sartorius no delay of relaxation when the muscle 
is placed in saline solution or when moderate quantities or even large 
quantities of lime salt are added. I find too ‘that injecting 2 cc. of 
10 °/, CaCl’ solution under the skin of the back of a moderate-sized 
frog, a dose sufficient to greatly weaken the animal, does not delay 
the contraction of the sartorius, though the lime prevents any contraction 
remainder ; but it may be that the potash salt in the blood of the frog is 
sufficient to prevent lime effects. 

I next tested the action of sodium bicarbonate. The addition of 
from 4 to 6 cc. to 200 cc. of saline solution slightly lessens contraction 
remainder, but is greatly inferior in this respect to calcium chloride. 

Potassium chloride differs from lime salts and from sodium bicarbo- 
nate in respect of its influence on contraction remainder, for 1 part of _ 
potassium chloride in 5000 parts of saline solution greatly increases 
contraction remainder, whilst the addition of calcium chloride obviates 
this potassium effect. 

Potassium chloride counteracts to a great extent the weakening 
effect of calcium chloride. 
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The addition of 6 c.c. 10°/, CaCl? solution to 200 c.c. saline some- 
what weakened the contractions. The addition of 6 c.c. of KCl solu- 
tion had no effect, the addition of another 6 c.c. of KCl solution slightly 
increased the strength of the contraction, and a third addition of 3 c.c. 
KCI solution still more improved the strength of the contraction, but 
induced no other change. 

I find too that potassium chloride sustains contractility and removes 
the effects of exhaustion. I first stimulated frequently for about 15— 
minutes a sartorius placed in saline solution until the contractions 
became weakened, The addition of 6c.c. KCl solution strengthened 
the beats and sustained contractility. 

In the preceding experiments we find that skeletal muscle differs 
from cardiac muscle in the following particulars. Contractility lasts 
longer in saline solution. Contractility is not improved or restored by 
adding lime salts to saline. Lime salts cause no prolongation of the 
beat, no delay in relaxation. 

The contractions in saline of a muscle previously weakened by 
frequent contractions are strengthened by adding to saline a potash salt. 
A strong contraction induces much contraction remainder. 

On the other hand skeletal muscle is similar to cardiac muscle in 
the following respects. Lime salts added to saline sustain contractility. 
Lime salts are antagonistic to potash salts. 

We find this contraction remainder is removed or prevented by lime 
salts in a much less degree by sodium bicarbonate and is increased by 
potassium chloride. 
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OBSERVATIONS UPON THE PERSISTENT EFFECTS 
OF DIVISION OF THE CERVICAL SYMPATHETIC. 
By P. H. PYE-SMITH, MD, FRS. 


THE following record is of experiments systematically begun in 1878 
and carried on at intervals for six years, in the physiological laboratory 
at Guy’s Hospital. 

Much labour has been expended upon the functions of the cervical 
sympathetic trunk, since the remarkable discovery made by Claude 
Bernard in 1851 of the effects of dividing it in the rabbit. His results 
were repeated and extended by Brown-Séquard in 1852 and by 
Augustus Waller in the following year. 

The subsequent experiments of Schiff and Vulpian carried on the 
investigation ; and, if a review of the progress of knowledge in this 
subject were attempted, the contributions of Ludwig and Heidenhain, 
Budge, Onimus, Goltz and Gaskell would each claim an important 
place. Even in these brief introductory lines I cannot omit to refer 
to the numerous valuable memoirs on the vaso-motor nerves by 
MM. Dastre and Morat*. 

When the original experiments of Bernard on the rabbit were 
extended to other animals it was found that there were important 
differences among them. The horse (Dupuy and Bernard), the ass — 
(Chauveau), the goat (Luchsinger), the dog (Dastre and Morat), 
and the cat (Dalton, Langley and the writer) have each peculiarities — 
in the effect of stimulation and paralysis of the cervical sympathetic. 

The following effects have been found constant: (1) hyperzemia of the 
ear, conjunctiva and visible parts of the skin of the face on the paralysed 
side, (2) increased temperature of the same region, (3) contraction of the 
affected pupil*. Frequently have also been observed: (4) retraction of 


1 These observations have been brought together and published as ‘‘ Recherches 
expérimentales sur le Syst?me vaso-moteur, par A. Dastre, Prof. suppléant a la Sorbonne, 
et J. P. Morat, Prof, & la fac. de Méd. & Lyon,” Paris, 1884, pp. 344. 

2 Observed as early as 1727 by Pourfour du Petit. , 
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the eyeball, from paralysis of Heinrich Miiller’s orbitaris muscle, as 
demonstrated by Prevost; (5) narrowing ‘of the palpebral aperture, 
without true ptosis; and (6) diminution of secretion, affecting the sweat, 
the tears, or the saliva of the paralysed side. Retraction of the eye, with 
approximation of the lids and of the membrana nictitans, is best marked 
in the cat. In the horse Bernard found sweat much increased on the 
paralysed side, but Luchsinger by a series of careful observations 
showed that stimulation of the divided trunk leads to hyperidrosis, not 
only in horses but in other ungulates (oxen, goats, and pigs). In 
rabbits, sweating is not readily produced. 

The most remarkable results have commonly been noticed shortly 
after the operation. Several observers found the hyperiemia and 
increased temperature become less marked after a few days or weeks. 
But Dr Wm. Ogle found these effects persist in a rabbit for eleven 
weeks, and Schiff in a dog for two years. Artificial heat, pyrexia and 
muscular exertion causing the heart to act with increased frequency and 
energy have been found to increase the temperaiure and vascularity of 
the uninjured side above that of the other (Schiff in a dog, Ogle in 
rabbits). 

The effect of division of the cervical sympathetic trunk in man can 
of course only be gathered from cases of injuries (including operations) in 
the neck or occasional local diseases of that region. The first were 
observed in the American civil war by Weir Mitchell, Morehouse and 
Keen, and recorded with others by Dr Mitchell in his well-known 
treatise on Injuries of Nerves and their Consequences (Philadelphia, 1872). 
A case which followed on abscess of the neck is minutely described by Dr 
William Ogle in the 52nd volume of the Medical and Chirurgical Trans- 
actions (1869), where he compares the phenomena with those observed 
_ by Bernard and himself in rabbits, and discusses their significance in a 
most interesting and valuable essay. He argues that the diminution 
and even the reversal of the initial hyperemia which has been observed 
in certain cases both in men and animals may be due to tonic contrac- 
_ tion of the paralysed vaso-motor fibres like the contractions of paralysed 
voluntary muscles. To this ingenious suggestion it may be objected that 
in his own case the affected side continued more vascular and warmer 
than the sound one’ except under violent exercise, and secondly that 


1 The figures given by Dr Ogle are 
Nostril on right (affected side) 98°2F. on left 97°2F. 
_ Under tongue on right 98 
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the same process should have produced contraction of the radiating 
muscular fibres of the iris. 

In a remarkable case published by Dr Payne in the 3rd volume of 
the St. Thomas Hospital Reports, where the cervical sympathetic had 
been probably injured during instrumental delivery, the patient, a child 
of fifteen months, showed pallor of the paralysed side, which was not 
replaced by hyperemia during excitement. In a.case recorded by the 
American surgeons the conjunctiva on the paralysed side was more 
_ vascular than on the other—but the temperature of the two ears was 
equal. After exertion the paralysed side became flushed. 

In the numerous cases of contraction of one pupil which have been 
referred to pressure on the cervical sympathetic by an aneurysm or 
other tumour, no hyperemia or other of the effects above described are 
noted. But in a series collected by Dr John Ogle’ are two in which 
sweating of the face on the same side (and in one of them vascular 
flushes also) accompanied the myosis: they were both observed by 
_ Dr (now Prof.) Gairdner of Glasgow. | 

A case is recorded by Mr Hutchinson in the first volume of his 
Clinical Surgery of supposed division of the cervical sympathetic by a 
self-inflected wound of the throat, and another by Mr Chevasse’ of a 
similar lesion produced in removal of a tumour from the neck. In none 
of these cases was an anatomical examination of the condition of 


the sympathetic possible. In all the eyelids are reported as being » 


partially closed, the outer canthus lowered, and the pupil contracted. 
In the recent ones of Mr Hutchinson and Mr Chevasse, as in the 
long-standing one of Dr Payne, there was anemia of the injured side, it 
was dry as well as pale, mad the mouth and nostril were also dry on 
that side. 

The following record shows that in the case of rabbits and cats 
the well-known effects of division of the cervical sympathetic trunk 
upon the diameter of the iris, on the size of the blood-vessels and 
on the temperature of the ear, may continue without change or 
indication of approaching change for periods varying from ten or 
twelve weeks to twelve months, two, and even three years. In no case 
was there observed the least tendency to return to the normal condition, 


1 Med. Chir. Trans. vol. xu. 
2 Brit. Med. Journ., Dec. 17, 1881. See also the fourth chapter of Dr E. L. Fox’s 
work on The Influence of the Sympathetic on Disease, 1885, and the first section of 
_Eulenburg and Guttmann’s Pathologie des Sympatheticus, 18738. 
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and in none was the abnormal state replaced by that of anemia and 4 
lowered temperature. 

It will be seen. that care was taken not merely to divide, but to 
excise portions of the great sympathetic so as to prevent that reunion of 
the nerve which often defeats the objects of the physiologist as of y 
the surgeon. When the superior cervical ganglion has been excised, 
there is probably no fear of this. But in every case a dissection was 
made after death in order to make sure that no re-establishment of 
nervous continuity had taken place. 

In several instances I excised portions of the two other principal 
nerves which supply a rabbit’s ear, the great auricular branch of the 
third cervical and the posterior auricular branch of the facial nerve. 
The twig named by Lovén the anterior auricular branch of the 
occipitalis minor from the second cervical nerve, and the auricular 
branches of the auriculo-temporal from the third division of the fifth, are 
not distributed beyond the root of the ear. 

The observations on the pupil were necessary as an additional test 
of the permanence of the effect of the operation. In all cases visible 
dilatation of the arteries accompanied the elevation of temperature ; 
indeed there is no doubt that the latter is the direct result of increased 
afflux of blood. Retraction of the eye-ball was eit or — 
in the rabbits but obvious in the cats. i 

The temperatures were usually taken with an accurate large-scale 
thermometer by the-laboratory servant, a careful and trustworthy man, 
who is known to my former colleagues in the University examinations, 
Prof. Burdon Sanderson, and Prof. Gamgee: They were also taken 
by myself or by my assistant, always for the first few observations 
before and after the operation and occasionally at other times. One or ~ 

_more of the animals were repeatedly shown to my class, and the ears 
and eyes examined by them. I also showed them to occasional friends 
visiting the laboratory, among others to Prof. Rutherford of Edinburgh, 
Dr Gaskell of Cambridge, and Prof. Horvath of Kief. Moreover the 
white rabbit H was exhibited before a meeting of the Physiological « 

- Society at King’s College London, in 1885. I mention these facts 
because the results recorded below were readily appreciable by the eye 
and hand. 

It will be noticed that while the relative temperatures remained 
nearly constant, the absolute warmth of the rabbits’ ears varied with the 


external temperature, as we know is the case with the ears and the 
extremities in man. 
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The excision and the stimulation of the nervous trunks were made 
under anesthetics, usually after injection of chloral hydrate. The 
animals operated on, with two exceptions, throve well. In one case only 
did an abscess form as the result of the operation. In another rabbit 
an ulcer formed on the mouth and interfered with its eating. Both 
these were killed. A third was worried by a dog which had got loose 
in the night. A few died from chloroform or chloral hydrate adminis- 
tered for a fresh operation. 

I have only entered in the following record cases of animals which 
lived beyond a month. Many other observations were made and re- 
corded, with which it seemed needless to load the paper, since they 
were less prolonged and not more striking than these. Suffice it to 
say that they all agreed essentially in the results. The three following 
may serve as examples. 


i. This experiment was made thirty years ago by Dr aut in 
Guy’s Hospital Laboratory. | 


Nov. 25th, 1856. Right cervical sympathetic nerve divided and an 
inch and a half excised. | 

Three days later. R. pupil smaller than L. R. ear more vascular. 
Temp. of Lab. 45°F. 


ears 102°F., rectum 103° F. 


Rabbit with right sympathetic divided.................. Fectum 104° F, 
R.ear 104°F. L.ear 98°F, 

Twenty minutes later. Same rabbit................... Fectum 104’ 
R. ear 102°5 F, L.ear 99° F. 


ii, Aug. 6th, 1873, R. svipabalie divided in a rabbit. 
After 5 minutes R. ear (warmer to hand and redder to eye) marked 
36°C. L. remained at 33°C. | 

_ R.sympathetic faradised. Redness diminished. Temp. sank to 31°C. 
Irritation ceased. Temp. rose to 35°C. 


iii, July 17th, 1875. LL. sympathetic divided in a rabbit. 
L. pupil smaller than R. Little difference in ears. 


Aug. 2nd. L. ear warmer to hand and arteries dilated. L. pupil 
contracted. Temp. of L, ear 98°F, of R. 94° F. 
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Jan. 17th, 1878. Left sympathetic divided i in a large wala buff- 
 Tmmpediate 1 increase in heat of L. ear to hand. 
R. 34° C. L. 37°C. 
After a few minutes, 
Arteries in left ear dilated and pulsating freely. L. 46 smaller 
than right. 
An hour and a half later, 
Arteries of left ear by transmitted light dilated and umes 
excessively. JR. pupil widely dilated. L. less dilated. 


Jan. 18th, 12 noon R. 28°C. L. 30°C.. ae 


2pm, 24 29 pupil L. contr. 
19. 30 33 
21. 32 35°5 R. pupil dil., L. less so. 
26. 10am. 27 32 
4.30. 28 32°5 
vom... 31 
29. am. 27 31 
p.m. 28°5 32°5 
29 33 
p.m. 36 37°5 
. Feb. Wam. 35 37°5 
5. 10am. 35 38 | 
7. ear vasc. and cooler’. 
4°5 36 upi r than left. 
12. 35 38 pap ree 
13. 34 38 __L, pupil smaller than R. 
14 37°5 
1. am . 80 36 
4 p.m 31 35 
16 31°5 35 
18 31 36 
19 32 34 
20 pe 36 
23 37 36°5 
25 38 37 
26 36°5 37 


1 This record I give as it was entered, but no doubt right was put for left. 
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Feb. 27. R. 36°C. 37° 
3 28. 38 
March 1. 38 37°5 
6B. 
6 34 37 
7 36 36°5 
8 37 35 
9 36 37°5 
11 37°5 39 
ies 32 33'°5 Difference obvious to hand. 
36 Cold day. 
18. noon 32 37 Cold day. 
3pm. 33 37 _‘R. pupil larger than left. 
| 5 a 34 37 
19 345 38 
21. 32 36 
23 33°5 36°5 
25 33 37 
26. 34 36 
27 33'5 37 
28 32 36 
30 32 36 
April 1 29 35 
32 345 
+ 33 34 
5 34 35 


_ April 5, 1878. “Two Rabbits, B and C; died too soon ‘for observa- 
tions to be worth record. In both division of the posterior auricular 
and great auricular nerves produced no effect on the vessels of the ear. 
In both division of the cervical sympathetic produced the usual effects. 


L. sympathetic separated from vagus, divided and part excised. 
Immediately the L. aperture of the eyelids became smaller. 
The membrana nictitans was drawn in on L. side. 


L. pupil became smaller than R. | 
* Lear became warmer to hand and more vascular. L. ear 35°C., R. 32°. i 
| April 5, 1878. Large tabby 


L. sympathetic separated, divided, ted part excised. 

Immediately the same effects as followed the last on but net 
quite so striking. 

R. ear 34°, L. 35°. 
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Continuation of observations on the Rabbit A and the two Cats D and KE. 


1 BR. pupil dilated, L. contracted. 


Buff Rabbit. 
A. 


ear 


87°5° 35° 
not taken 
34 37 
36 «37 
34 37 


35 3865 


37 39" 
38° 
38 39° 
37 
38 39 
38 
36 37 
39 
37 38 
39 
37 38 


39 39° 
(killed) 


White Cat. 
D. 


ear 


38°5° 36° 
38... 87 
not taken 
not taken 
38 36! 


2 Pupils equal. 


Large Tabby Cat. 
E. 
ear 
& cu 
388° 
36 38 
not taken 
not taken 
32 14 
37. 36° 16 
37 15 
37. 19 
38 38385 17 
37°5 20 
36 87 20. 
not taken _. 
35 37 17 
36°55 37% 18 
36°5 37 19 
. (killed) 22 
29 
29°5 
20 
19°5 
20 
* R, contracted, L. dilated. 


July 27. White Cat D in which the L. symp. had been excised 
Apr. 8. R.and L. ears equal, each 36°C. Pupils equal. Third eyelid 
and opening of eye in same condition R. and L. Ears equal in feeling 


and vascularity. Divided the R. cerv. sympathetic. 


July 30. RB. ear 365° L. 38°  R. pupil dilated. L. contracted. 
37. L. 


Aug. 2. 


Cat D killed. 


38 
37 


”» 


365 R._,, 


L 


4 32 
j At noon. 
April 8. 
9, 
10. 
3 13. 
3 18. 
86:5 35 
24. 38 39°5' 
27. 36 38’ 
May 2. 36 387° 
4, 38°5* 
‘| 10. 37 
| 14, 85 36 
i 24. 34 35 | 
June 1. 36 37 
{ 13. 86 87 
| 21. 37 38 
| 26. 88 
27. 375 38 
| July 1. 88 
| 4, 37 
9, 36:5 387 
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Series IT. 


White Rabbit......... G. 
Divided R. post. auricular nerve and excised a full inch, 


R. great auricular 
R. cervical symp. 


White Rabbit 


” 


Rabbit G. 


18. noon 39 38 


26. noon 38 36°5 


July 25, 1878. Large White Rabbit............sccssssessesesseereede 


While under chloroform, but before being touched, the temperature 
of R. and L. ears was each 37°5 and the pupils were equal, 


sup. cerv. ganglion. 


Divided R. post. auricular nerve and excised } inch. - 
R. great auricular 
cervical symp. 


# inch (not ganglion). 


Pupils 


R. 


38° 36 5° cont. 
11. noon 38°5 37°5 


cont. 
cont. 
cont. 
cont. 
cont, 
cont. 


Divided R. cervical sympathetic and excised 4 in. with the ganglion. 
Five minutes after the R. pupil was smaller than L. 
Divided R. post. auricular nerve and excised } inch. 
Divided R. great | 
20th. noon, R. ear much warmer and much more vascular than 


L.; could see no difference in pupils. 


4p.m. Nodifference between ears to sight or touch. R. pupil small, 
L. dilated (in shade). 


Three white Rabbits with all the three nerves to the R. ears divided 
and portions excised, G and H on July 10, J on July 25, 1878. [C.= 
Contracted, D = Dilated.] 


37 cont. dil. 


38'5 37 dil. 


| Rabbit H. 

E E Pupil Lab. s 

| July 37° 35° cont. dil. 19°C. ] 

13. 39 «638 dil. 38 36° cont. dil. 19 4 4 
13. 38°5 37 dil. 38 37 cont. dil, 21°5 ' 
dil. 88 875 cont. dil. 27 
22, 39°5 39 dil, 
dil. 
PH. VIII. 3° 1 
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1878. Rabbit G. 


"Ears _—— Pupils 

atnon RR R 
July 30. 38° 87° C. D. 
Aug. 2. 38 37 C.D. 
7. 385 38 C. D. 

12. 38 3885 C. D. 

21. 375 37 D. 


Rabbit H. ‘Rabbit J. 

D. 38 37 ©. D. 
385 97 ©. D. 385 365 0. D. 
a9 88 C.D. 87536 C.D. 
39 3950. D. 39 38 ©. D. 
$75 97 C.D. 38 3750. D. 
385 97 ©. 38 365 C. D. 


Note. Oct. 4, 1878. In G there is no trace of the wounds. Slight 
superficial ulceration of L. cornea. L. pupil does not dilate in shade. 


Ears equal to touch and sight. 


In H, R. ear is warmer to hand and more vascular than L. Pupils 
both small, nearly or quite equal, and contract equally with light. The 


tip of the L. ear ulcerated off and healed again. 


In J, the suture has not come away. Wound long healed. R. ear 
much warmer and more vascular than Left. No obvious difference in 


38° 
37°5 
38 
*36°5 
‘37 
37 
36°5 
38 
37°5 
33°5 
36 
37 
35'5 


36 


C. 


pupils. 
Observations continued on the three white Rabbits, G, H and J. 

1878. H. 
"Ears Pupils Ears Pupils 
Oct. 5. 375° 37° equal 38 387° D. 
9. 365 365 equal 37 36 C.D. 
16. 38 39 39 38 doubtful 
22.1 37 375 equal 375 37:5 equal 
31. 375 36 C.D. 38 355 C. Dz 
Nov. 7. 375 36 C.D. 36 35 OC. D.z 
13. 365 36 equal 36 35 C. Dz. 
Dec. 2' 34 842 CD. 35 338 C.D. 
7. 865 C.D. 368 36. 
20." 36 365 C.D. 365 355 

(killed) 

35 34 C. D. 


D. 


85 


15 p.m. Same observation as at noon, vascularity of R. and obvious warmth to hand 


in theatre. 
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Continuation of observations on Rabbits H and J. 


| 1879. H. J. | 
9 non 3 345 CD. 345 38 GD. 5 
| Feb. 13. $85 38 OC. D. 36 3845 CD. 10 
19. 3445 OD. 3 8 GD. 12 
19. 375 386 CD 3 365 CD. 16 
April 2. OD Gh 2 
9. noon 365 35 C. D. 36 3836 (1 
May 28. 12.15 365 35 C.D. 36 355 CD. 14 
(killed) 
June 4. 1215 365 35 ©. D. 
18. noon 875 37 
25 (OD. 
30. $5 34 
July 9. 35 34 C. D. 178 
25. 35 345 C. D. 20°5 
Aug. 8. 21 
16. CD. 20 
(Continued below in Series IIT.) 
Oct. 31- 3p.m. Large long-haired Rabbit................c.csseeeeees K. 


Right sympathetic, sup. cerv. ganglion and 1} inch of the Left post. 
auricular and 14 inch of the Left great auricular nerves excised. 
Two hours after the operation. R. ear 38, L. 36°5 Lab. 17° 


Nov. 4 R.ear37’ Pupils equal 
37 36 do. | 
9. 36°5 36 not noted — 75 


1 Note, June 17, on white Rabbit H. R. pupil decidedly contracted and L. dilated, 
both in shade. R. ear (tip gone) not perceptibly warmer or more vascular than L, 
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1879. Lab. 
Nov. 13. R. ear 35°5° 1.35° R. pupil rather smaller 9° 
15. 35 pupilsequal 9 
16. 35°5 36 do. 10 
18. 35 36 do. 
19. 36 35 not noted 10 
20. 


Nov. 20. Divided the Left sympathetic and excised the L. sup. 
cerv. ganglion on the same Rabbit K. So that now in the R. ear the 
symp., in the L. ear all nerves, were divided. 


An hour after operation, R. ear 34°, L. 35°. oe Lab. 
Nov. 21. 2pm. R. ear 35°5° L. 37° RB. pupilcont., Ldil 9° 
22. noon 36 36 pupils equal | 8 
355 358 pupils equal 10 
_ 36 36 
26. noon 35 35°5 
Boone 30 99 not noted 12 
| 29. 1pm. 38 37 R. ear very vascular = 9 
Dec. 2. noon | 33 34 7 


Bia we because an abscess appeared in L. side of neck.) 
* Upper part of ear. 


Series III. | 
Dec. 17, 1879. New white Rabbit K,. Left cervical sympathetic 
trunk excised. The difference in warmth to the hand and in vascularity 
to the eye was at once apparent. The thermometer showed 3°C. excess 


of the left above the right ear, a few hours later, when shown to my 
class after lecture. 


Old Rabbit H (cont.). New Rabbit K,. 

De. 18 365° 36°. D. 34° 

19. 34 D. 35 365° D. C. 6° 
22. 36 34°47 C. D. 
24. 36 33 34% D. C. 6 
29. 38 S35 686". 10 
1 Difference not apparent to hand. * Difference apparent to hand. 
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Old Rabbit H (cont.). 
im: oa 
Jan. 2:38" 
5. 86". 32 
1. pee CD. 
10. 335 C.. D. 
18. 33 C.D. 
14. 37' 36 
17. 36° 35 
18, 35 34 D. 
21.. 37 6 
C.D. 
Fed. 3. 37 36 
1l. .37 36 C. D. 
20. 36 36 
27. 36 345 C. D. 
Mar. 5. 37 36 C. D. 
10. 387 36 
27. 36 GD. 
16. 3535 35 D. 
23. 365 35 0.52. 
30. 37 355 ©. D. 
May 7. 365 35 
14. 365 36 Cc. D. 
23. 37 36 
28. 37 36 GoD. 
June 4 37 365 C. D. 
18 8375 365 C. D. 
25 375 36 
July 2 37 38 C. D. 


1 Redder and warmer to the touch. 
? Much warmer. 
3 No difference to eye or touch. 
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New Rabbit K, (cont.). 
Ears Pupils 
os G. 
S85 966 
36 
365 38 
33 355 D. ©. 
34 35 
33:5‘ 35 
35 ms CC. 
$45 365 D. © 
365 38 DC. 
345 35 D.C. 
340s 
35 35 
35:5 37 D. C. 
8. 
355 -365 D. ©. 
36 875 
36 
36 37 
35 6D. 
35°55 36 
37 38 De 
36 
36 DS. 
37 38 D. C. 


4 Colder to the touch. 


19 
19°5 


5 Much warmer and more vascular, 


Temp. q 
of Lab. 
9 
11 
| 
9°35 
| 4 
| 10 j 
| 5 9 
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mitted. 
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| 14 
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14 4 
q 14 
9 
| 14 1 
| 12 
13 
| 15 
mitted. 
14 
17 
| 18 
18 
15 
18 
22 4 
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_ Old Rabbit H (cont.). New Rabbit K, (cont.). 
July 9. 36°. €.-D. 36°.~ 365° D. C. 
23. 376 8365 © D. 365 37 D. 
Au. 6. 376 3° OD: 
10): 886 Gp. 36 865 D. C. 
21. 3735 ‘87 38 D. C 
Dec. 9. 365 35 Op: 35 
28. 36 35 D. C. 35:5 36 
1881. 
Jan. 6. 8365 85 345 355 D. 
26. 3035 29 31 
li. 833 32 GD. 33 
18. 365 35 D. 355 937 D. 
March 2. 37° 35 
10. 365 C D. 36 37 D. 
14. 36 355 C. D. 35 36 DS. 
18. 365 35 D. 345 355 D. OC. 
25. 355 35 D.C. 35 36 Cc. D. 
May 9. 37 865 C D. 
19. 365 35 365 D. C. 
BE. Ca 35 36 D. 
Juve 11. 355 34 35 36 D.C. 
21. 36 C. D. 36 365 CG 
. 28. 865 36 D. 3 35 DC. 
July 4 38 37 $65 937 
12. 36 ao 35 36 D. C. 
16. 35 aes. GD. 36 365 D. C. 
22. aon 45 «6 


ox 
Bike, 
1 
; 
} 
ae 
> 
~ 
a 


EFFECTS OF DIVISION OF SYMPATHETIC. 39 


Old Rabbit H (cont.) New Rabbit K, (cont.) 
1882. | 


Feb. 20,1882. This rabbit K, was accidentally killed by a dog, two 
years and two months after the L. cervical sympathetic had been 
divided and the L. sup. cerv. ganglion excised. It was in excellent 
health and well nourished when killed. On dissection, the left 
great auricular nerve and left post. auricular nerve were both found 
perfectly normal. No trace of sup. cerv. ganglion to be found. Cord 
traced up from inf. ganglion and then lost. No appearance of inflam- 

| mation, tissues soft and healthy. Vagus not thickened. 


Observations on old white Rabbit H continued. 


ee in Series IV.) 


jj 1882. R.Ear R. Pupil L.Pupil Temp. of Lab. 
March 10. 36° 35° C. D. 14° 
17. 33 D. 13°5 
\ 25. 355 84 C. D. 10 
April 6. 35% D. 12 
13. 35:5 34°5 C. D. 11 
20. 855 845 C. D. 12 
25. 35 33 C. D. 
¢ May 2 36 34:5 C. D. 13 
19. 865 35 
24. 365 34 C. D. 175 
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| Serves IV. 

“May 27, 1882. New white buck Rabbit with dark ears....... { 
R. sympathetic removed with sup. cervical ganglion : hsemor- | 
 . oe. Before operation both ears and pupils were equal. Five minutes 


after, R. ear 3°1’C. warmer. 
On recovery from —* the R. ear ‘showed tice any 


difference, 
Old White Rabbit H (cont.). © New White Rabbit M. 
| p.m. 38 355 357 equal 18 
25 355 D 37 
6. 36 345 C. D 33 32 
855 345 ©. D. 18 | 
14 355 35 46% 
16. 35 33 ©. :D, 32 31 C. D. 14 
19. 365 35 C.D. 345 34 38 
21. 36 345 C. D. 345 335 CD 17 
30. 36 35 C. D. 335 33 Cc. D. 16 
July 3. 355 35 oC 345 34 C.D. 
6. 35 34 345 34 175 
8. 36 35 355 845 D. 175 
17. 36 35 35°5 35 
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Old White Rabbit H (cont). New White Rabbit M (cont). 


~ Bars Pupils 
R. 
35°5° 34 
365 35 C. 
37 36 C. 
365 355 C. 
35 34 
35°5 34 C. 
36 35 C. 
375 36 C, 
35°5 35 C. 
35 34 C. 
35 33 C. 
36- 345 C. 
365 35 C. 
365 355 C. 
365 355 C. 
36 35 C. 
355 345 C, 
355 345 C. 
355 345 C. 
365 35 C. 
35 34 C. 
35 34 C. 
36 35 C. 
35 34 
35°55 C. 
355 345 ©. 
34 34 C. 
365 35 C. 
36°55 35 C. 
365 35 C. 
35 345 C, 
B55 35 C. 
365 3855 
32°55 3l C. 


36 


34 
35°5 


not taken 


Pupils | Temp. 


of Lab, | 
19° 
19 


or 


Ears 4 
1882. R. L, 
July 21. 35° 34°5° : 
26. 353 
| 27. 35 34 
| 29. 35 34°5 
Aug. 1. 36 35°5 : 
3. 325 $2 
34°5 
10. 345 34 
12. 36°5 
i 17. 34 33°5 
21. 345 34 : 
24. 33 32 
Sept. 20. 35 34 
26. 85:5 35 
Oct. 5. 33 32 : 
| 10. 35 34°5 ’ 
Nov. 2. 355 35 
11. 34 33°5 
25. 34 33°5 
Dec, 15. 34 33°5 
23. 36 35°5 
1883. q 
Jan. 2. 855 345 4 
26. 36 35 
Feb. 12. 33°5 33 i 
23. 35 34°5 
Mar. 9. 34 33'5 
27. 345 34 
35 34 
36 35°5 
May 18. 355 35 1 
23. 355 85 q 
| | June 4. 35 34°5 ’ 
15. 36 35°5 
22. | 
i July 2. | 4 
: 16. 15 


Old White Rabbit H (cont.). New White Rabbit M (cont.). 


Kars Pupils Ears Pupils Temp. 


1883. R L B.D R. L. R. L. of Lab. 
July 25, 36 35 D. 353° 35° I 
Aig 
(abscess on L. lower jaw) 


Sec. Cadav.on M. The swelling on the jaw contained pale yellowish 
creamy matter, semi-fluid and homogeneous, without blood or ordinary 


liquid pus. 


An old swelling above the tail, which felt like a lipoma and had been 
there for months, with very slow growth, turned out to be also a cold 
abscess with the same thick matter in it. The temperature was lower 


than usual instead of being raised. The last week no difference has ! 


been noted in the appearance or feeling of the ears, whereas before it 
was always obvious in M. But the difference in i oie was manifest ° 
to the last. 

Observations on the old white Rabbit H (continued). 

1883. R.Ear L.Ear_ Pupil L, Pupil 


Nov. 28. 34° C. D, 
30. 32 31 C. D. 

Dec. 7. 29 28 C. D. 
34°5 C D. 

1884, 

Jan. 2. 31 29°5 C. D. 
12. 31 29 C. D. 
18. 32 31 C. D, 


} After handling, both ears became more vascular and warmer. Their appearance was 
then the same and the temperature of each was 35°C. 
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4884. L.ear Pupil L. Pupil 
Jan. 19. 29° 37°5° C. 
21. 32 C. 
22. 32 30°5 
23. 30 29 C. 
24. 28 27 C. 
25. 31 80 C. 


26. 30 29 C. 


Jan. 18, 1884, Stimulation of the right ear of the old white rabbit 
H, by drawing forceps across it, produced no effect. Similar irritation 
of the left ear caused local contraction of arteries, which lasted 2 or 

Repeated. Same effect on L., none on R. Handling the ears 
to observe this, made L. ear more vascular and raised temperature — 
from 31° to 32°C, 

Holding up the rabbit by the ears and gently rubbing both, made 
temperature of L. rise to 35°C. The R. changed little in appearance 
and rose only from 32’ to barely 33°C.—probably from increased 
cardiac action. 

Stimulation by pressure on R. hind foot, and then on back, and 
rubbing skin over lumbar vertebre produced after 2 minutes decided 
increase in vascularity of L. ear, but no perceptible effect on R. 

The R. ear did not seem entirely without sensibility towards 
the base, but pressure applied to the flat part was unnoticed, which on 
the L, ear made the rabbit move. The anterior auricular branch of 
the auriculo-temporal nerve had not been divided. © 


Jan. 21, R, ear warmer to hand and more vascular than L. which 
was cold and anemic. Median artery of L. ear contracted locally, when 
a forceps was drawn across the ear. The same stimulus to R, ear 
produced no effect. : 

A drop of solution of atropia (1 per cent.) placed in L, eye pro- 
duced marked dilation : the same in the R. eye had no effect whatever. 


Jan, 24. In the morning, the weather being cold, the temperature 
in the laboratory was 7°C. The R. ear was then 28°, the L. 27°. 
At 5p.m., the temperature being 11°C., the R. ear was warm and 
vascular, the L. cold and pale. The L. pupil was dilated but 
contracted quickly and well on the stimulus of light. The same 
light made the R. pupil, already small, contract slightly but unmis- 
takably, and in the shade it slowly resumed its ordinary size. 
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After holding the rabbit up by the ears, the L ear became 
somewhat more vascular, the R. remained unchanged. Less effect 
than before. Repeating the experiment, the R. remained as before 
moderately vascular with a temperature of 30°5°, whereas the L. 
became very vascular and rose to 32°. 

Stimulation applied by Dr Mortimer Granville’s small electric per- 
cussor, striking 200 times in the second (which he kindly lent me for the 
purpose), first to the tail and then to the back over the spine, had 
no effect on either ear, nor on the L. pupil, and the rabbit seemed © 
scarcely to feel the stimulus. Applied to the R. forefoot it seemed 
just to be felt, and was followed by pallor of the previously injected 
L. ear. Repeated, the same effect followed icaeasion subsequent 
flushing. No effect on R. ear. 

After an interval, with the laboratory temperature 11°, the R. ear 
marked 34 and the L. 32: thus both had risen, probably from increased 
cardiac action. Dr Granville’s percussor was again applied directly 
to the L. ear, and this stimulation produced the same decided blanching 
which more distant stimulation had before, and while thus pale and 
cold the temperature was taken and found to be only 30°. Stimulation 
of the R. ear in the same way produced no effect. 


Jan. 25. RK. ear felt warm, L. cold. R. pupil contracted as usual. 
Very doubtful increased contraction with a strong light. Iris opaque 
and edges of pupil not clean, as if from some chronic iritis: no ulceration 
or opacity of the cornea. 

L. pupil dilated, reacts readily to light. Solution of calabar 
produced rapid and decided contraction of the L. pupil, but had no 
effect on the R. 


Jan. 26. R. ear warm and injected but less than usual. Hair 
rather longer than on L. ear, not thicker: skin scaly as if from 
slight chronic dry eczema. R. pupil contracted, L. dilated as usual. 

Stimulation of L. ear with blunt forceps produced the same local 
contraction of the median artery as before. The same stimulation 
on the R. produced no contraction, but in one case, the pressure not 
being apparently greater, there resulted a local extravasation of blood. 

Similar local contraction of the artery was obtained in the L. 
ear by stimulation with the electric percussor. | 

The sensation of the R. ear was again tested, a the part close 

to the concha was found to be sensitive. 

A solution of chloral hydrate was then injected; and after anesthesia 
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was produced, the R. ear was seen to be paler than usual and marked 
only 29°C.; whereas the L. was decidedly vascular and marked 31°5°. 
Cardiac pulsations regular but feeble. Breathing good. 

The L. sciatic nerve was then divided and ligatured. This was 
accompanied by visible paling of the L. ear, as with cutaneous 
stimulation before. Four minutes later, this pallor had given place 
to decided vascularity and warmth, the ear marking 33°. The R. 
ear was unaffected by stimulation of the sciatic, but after the L. 
had regained and exceeded its usual vascularity the R. ear was found 
to have risen to 30°75°C. The rectal temperature was then 34°, the 
pulse 140 and stronger than before. 

The sciatic nerve was then stimulated by the induced current. 
With the secondary coil at 35, stimulation for 20 seconds produced 
no effect, but after 50 seconds there was decided contraction of the 
vessels of the Left ear, with no change in the Right. 

Ten minutes later, the heart beating very feebly and not regularly, 
stimulation with the secondary coil at 45 for 25 seconds produced again 
pallor of the L. ear and slowing of the cardiac pulse. 

Repeated after an interval with sec. coil at 35, the same effect was 
observed. The L. ear became paler and the heart was slowed; this 
time however the R. ear, which before was quite unaffected, becatne 
slightly paler. 

Both vagi nerves were then divided. The heart beat too quickly to 
be counted, and the respiration became of the usual slow and deep 
character. At this time both ears were pale, the Right even more 
so than the Left. 

Stimulation of the sciatic nerve as before (s. c. 35) produced pallor 
followed by flushing of the Left ear, with no effect whatever on the 
Right. 

The heart beating very quickly and feebly, the same experiment was 
repeated. On the L. sciatic being excited, the Left ear became pallid, 
the Right was unaffected and the heart of course not slowed. 

Repeated twice with similar result. Sometimes the initial paling 
of the Left ear was the more obvious, sometimes the rubsequent flushing. — 
In no instance was the R. ear affected. . 

Before killing the rabbit (which remained under the influence of the 
anesthetic) the left sympathetic was divided in the neck with the 
usual result of the corresponding ear becoming more vascular and 
the pupil contracted. Electrical stimulation also produced blanching 
of the ear and somewhat sluggish dilatation of the pupil. 


Fe 
a 
< 
WG 
& 
ry 
a 
& 
“ 
: 
u 
= 
? 
= 
4 


46 P. H. PYE-SMITH. 


After opening the thorax, the heart was found to be contracting 
vigorously. 

Sec. cadaveris. On dissection, the body was found decidedly thin : 
_ though the rabbit had eaten bread and milk well up to the last. A sore 
which had appeared on the upper lip at the end of November had not 
spread much. The stomach was full and the cecum also. Part of the 
muscular coat of the stomach was greatly thickened for a space of above 
2 cm. diameter close to the greater curvature, in the fundus. The 
mucous and serous tunics were healthy, but the wall of the viscus was 
here thrice as thick as elsewhere, owing to hypertrophy of the middle 
coat. 

The liver was normal: it contained no hydatids: the spleen, 
kidneys, and adrenals also. The only disease found (except that of the 
upper jaw) was in the left ovary. This was transformed into a solid tu- 
mour as big as a marble, attached to which there was a large single cyst 
containing somewhat turbid, yellow fluid. 

The vagus on both sides was found — divided: also the left 
sympathetic. 

The inferior ganglion on the right side was intact, and the slsider 
cord of the cervical sympathetic could be traced up some little distance 
into the neck, where it abruptly stopped. 


Summary. 1. Rabbit A. Jan. 1878. L. symp. divided. Effect 
on ear continued for 6 months. 


2 and 3. Cats D and E. April, 1978. L. symp. excised in both, 


Effects on ear and eye observed for 3 months. 

4. Rabbit G. July, 1878. R. post. auric. and great auric. nerves 
excised and R. sup. cerv. ganglion excised. L. ear was almost always 
warmer, but occasionally the R. was warmer; L, pupil always contracted. 
Observed for 6 months. : 

5. Rabbit H. July, 1878. .R. post. auric., great auric., and cerv. 
symp. excised. Ordinary effects of sympathetic paralysis. Observed 
during 5 years and 7 months. 

6. Rabbit J. July, 1878. The same operation a ason H. Ordinary 
effects until death, in June, 1879. Observed 11] months. | 

7 Rabbit K. Oct. 31,1879. L. post. auric. and great auric. nerves 


excised. R. sup. cervical ganglion also. Vascularity and warmth of R. 


ear and dilated R. pupil. Nov. 20. Left sup. cerv. ganglion also excised. 
For a few days L. ear warmer and L. pupil more dilated than R. Then 
both equal until death, Dec. 2. Observed nearly 5 weeks. 
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8. Rabbit K,. Dec. 17, 1879. L. cerv. symp. excised. Ordinary 
effects for more than two years. Killed accidentally, Feb. 20, 1882. 

9. Rabbit M. May, 1882. R. sup. cerv. ganglion excised. Ordi- — 

nary effects for 18 months. Killed, Nov. 23, 1883. 


Remarks. The above series of observations may I hope be thought 
worth recording, from the long periods over which most of them extend. 
It will be observed that occasionally no difference in the temperature 


_of the two ears was observed and occasionally the untouched one was 
the warmer. But while this shows that minor variations are to be 


expected, and warns against conclusions based on a few observations 
only, the general constancy of the effects are apparent. | 

If the effect of division of the cervical sympathetic in rabbits and 
cats was not exhausted or reversed in the course of weeks and months, 
it is not likely that it would have been after longer intervals. Paralysis of 
the circular fibres of the arteries and of the dilator fibres of the iris con- 
tinues after severance of their motor nerves as irremediably as paralysis 
of the muscles of a limb after severance of the nerve-trunk which 
supplies them—provided always that the interrupted continuity is not 
repaired. Divided nerves are apt. to reunite, as the return of neuralgia 
after division of the fifth nerve, and numerous examples of wounds, both 
accidental and inflicted in operations, abundantly prove. But when no 
reunion takes place, the effects of the severance remain. 

With respect to the vaso-dilator nerves of the ear, I have nothing to 
add to previous results. The auricularis magnus is a sensory nerve, and 
when its proximal end after division is irritated will produce in most 
cases slight reflex constriction of the blood-vessels of the auricle. But 
irritation of the distal end has no effect at all, so that it does not appear 
to contain either vaso-constrictor or vaso-dilator fibres. 

The posterior auricular branch of the facial nerve has been supposed 
to contain vaso-dilator fibres. I have never seen changes of vascularity 
or temperature of the ear result cither from its severance or from irrita- 
tion of its distal extremity. | : | 

Schiff stated that irritation of the small auriculo-temporal branch 
of the 5th produced dilation of the auricular vessels, but Vulpian’s 
numerous experiments gave no support to the assertion. According 
to MM. Dastre and Morat the effect has sometimes been observed, 
but almost as often (five times out of eleven experiments) it was absent. 

These experimenters believe that the dilator-fibres as well as the 
constrictor run in the.cervical sympathetic trunk. The course and even 
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the existence of vaso-dilator nerves to the auricle is however still 
obscure. The twigs which reach a part of the auricle in the rabbit from 
the lesser occipital nerve certainly cannot affect the principal artery of the | 
ear. I repeatedly looked for, but never saw, after division of the sympa- 
_ thetic, the curious slow rhythmical pulsation of the principal artery in the 
rabbit’s ear (first described by Schiff) which can be seen in health. It 
is but faintly marked, and sometimes I think quite absent, in ill 
nourished animals, or when the ears are cold. But after paralysis of 
the sympathetic I never saw it even in the strongest and healthiest 
rabbits. 

After the principal nerves which supply the ear have been divided, 
so that its vessels, skin, and tissues are cut off from nervous communica- 
tion, the ‘ paralysed’ ear continues in a state of active congestion, with 
increased redness and raised temperature, for an indefinitely prolonged 
period. The arteries pulsate with the pulsation of the heart, but act 
only as passive elastic tubes. Sensation is completely abolished; the 
ear may be pinched or stimulated by a strong induced current without 
the animal showing the least disturbance. Yet the tissues continue to 
be nourished, and sores (though perhaps more easily produced, through 
want of the protective care of sensation) heal perfectly. The only 
difference I could see was that the hair grew thicker and longer on the 
hyperemic and paralysed ear. Division of the sympathetic in a young 
animal would perhaps have more effect on the growth of the corre- 
sponding ear. 

So far as they go, these observations seem to be against the existence 
of distal ganglionic centres in the ear. These supposed reflex mechan- 
isms of the arteries, corresponding to those of the heart, the intestines, 
and the bladder, have never been discovered anatomically, and their 
existence depends on analogy with the above instances, and on the 
physiological proof of vaso-dilator nerves, particularly on the case of the 

chorda tympani and that of the nervi erigentes. 
: So far us the circulation in the rabbit’s ear is concerned, the rhythmical 
pulsation of the arteries, their contraction when the sympathetic is stimu- 
lated, and their persistent dilation when it is paralysed, indeed all the 
facts with which I am acquainted, are explicable on the hypothesis of 
circular, contractile muscular fibres and vaso-motor nervous fibres. The 
dilation of the arteries, like that of the heart in diastole, is sufficiently 
exp!ained as the effect of elasticity, not of musculo-nervous energy. It 
must be remembered however that the elasticity of hollow tubes and 
chambers (whether arteries, intestine, bladder, or ventricle) depends 
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‘chiefly on their muscular fibres, and when these atrophy by disuse, the 
elasticity of the vessel must be greatly impaired. 

The reaction of the paralysed ear to stimulants is an interesting 
point of morbid, as well as of normal physiology. | 

In my case above described, friction and repeated gentle percussion 
produced the usual effects, as on an intact ear—increased vascularity and 
warmth’. Likewise, when the rabbit was brought from a colder into a 
warmer room, the same effects were produced. These facts point to 
the conclusion that hyperemia, and the other conditions which follow 
irritation and form the first step towards inflammation, are independent 
of reflex nervous action. The stimulants employed, whether thermal or 
mechanical, act directly on the blood-vessels and tissues. 

Distal sensory stimulation produced no change in the vessels of the 
paralysed ear. | 

Lastly, it will be noticed that severance from the cervical sympathetic 
trunk, whether by excision of the nerve or by complete removal of the 
ganglion (for I could see no difference in this or other effects) produced 


constant and permanent contraction of the pupil on that side. ~ This 


result was more nearly without exception than any other. It confirms 
the now generally acknowledged existence of a dilator pupille, and 
corroborates the analogous observations on the vaso-motor branches of 
the sympathetic. : 


1 This was also observed by Mr J. N. Langley, in some unpublished observations 
with which he has favoured me, 
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FURTHER OBSERVATIONS ON MYOHAEMATIN AND 
THE HISTOHAEMATINS. By C. A. MACMUNN, MA, 
MD. Pl. IL. 


In a former paper’ I have shown how by the examination of the 
fresh organs and tissues of Vertebrates and Invertebrates by means of 
the microspectroscope I was led to discover the presence of the histohae- 
matins and of myohaematin; and. I stated that I could not isolate these 
colouring matters unchanged. I was able to say that they are joined to 
proteids or that they are coloured proteids, and when isolated in the 


_ changed condition soluble only in water. 


In the present paper I can go further and show how they can be got 
into solution, and although as yet the pigmented portion cannot as in 
the case of haemoglobin be separated from the proteid constituent, yet 
one can definitely prove: (1) that'a peculiar colouring matter is present 
in solution, (2) that it yields decomposition products which prove its 
near relationship to haemoglobin, while at the same time it fails to 
yield all such decomposition products, proving that it is distinct from 
haemoglobin or any of its decomposition products; and (3) one can form 
a fairly accurate idea as to the physiological réle which it may play and 
as to its reactions. 

While I have not yet succeeded in getting relatively large quantities 
of pigments so as to be able to deal with them. analytically, yet the 
amount is sufficient for enabling me to prove their great importance 
from a physiological point of view. 

The proof of the existence of these colouring matters then rests no 
longer on the observation of the spectra of the fresh organs and tissues 
of animals, as I can now easily obtain coloured juices from muscle, and 
from certain organs, in such quantity as to enable them to be dealt with 
in solution, and their reactions followed, by means of the spectroscope. 


1 Phil. Trans. Part 1. 1886.. 
PH. VIII, 


ia 
J 
3 
‘ 
4 
4 a 
q 
a 
q 
‘a 
f 
a 
4 
§ 
4 


52 | C. A. MAC MUNN. 


Myohaematin as such, although obtainable from the rapidly frozen 
muscle of birds and mammals in sufficient quantity to enable one to say 
definitely that it occurs in plasma, yet is only obtainable in mere traces 
owing to the rapidity of muscle coagulation in warm-blooded animals. In 
cold-blooded animals, such as the frog from whose muscles plasma can 
be obtained in greater quantity, myohaematin is present also in mere 

traces, so that the difficulty is not overcome by using such plasma. 
: Hence attempts at its extraction are limited to experiments on dead 
muscle in which coagulation has occurred, and I thought that I might 
get myohaematin into solution by extracting the myosin in the usual 
manner. 


Experiments on Salted Muscle—In most of the voluntary muscles of 
mammals and birds myohaematin and haemoglobin are present together, 
as I have proved. In the pectorals of the pigeon, however, the former 
appears to be the sole pigment present. 

If the pigeon be bled to death by severing the large blood-vessels in 
the neck and allowing all the blood to drain away, very little haemoglobin 
is left in the pectoral muscles, especially if the muscle be well washed and 
subsequently pressed. The muscle is then finely divided, and rubbed up 
with sodium chloride which is added in sufficient quantity to form a 
. 10 percent. solution with the water subsequently added. After standing 
24 hours the magma is pressed in linen, and filtered under pressure. I 
sometimes washed out the blood-vessels previously with salt solution, 
but the results obtained were the same as in those cases where the animal 
was merely bled to death. The filtered extract of muscle thus obtained 
is reddish-yellow and shows the dominant, dark, narrow band of 
myohaematin well marked, sp. 1. In this spectrum other bands are 
seen due to traces of haemoglobin, as is proved by adding ammonium | 
sulphide, as we then find the band of reduced haemoglobin, with another, 
but those of reduced myohaematin are very distinct, sp.2. In this latter 
solution the bands were found to read :— 


Ist, > 625 to A 610, 
2nd, A 553°5 to A 547, 
3rd, > 526 to A 514. 


If such a solution be treated with acetic acid the myohaematin bands 
disappear, and two very faint shadows in green may be seen, the first of 
which is nearer the violet than the first oxy-haemoglobin band. Portions 
of the filtrate from salted muscle which came through later than the solu- 
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tions mentioned above showed only myohaematin bands, no haemoglobin, 
as shown in Pl. II. sp. 3. Upon boiling such a solution the coagulum 
which forms no longer shows any distinct bands; this is in accordance 
with a former result, as I found that sufficient heat destroys the bands in 
muscle itself, Coagulation by means of absolute alcohol on the contrary 
allows the bands to be recognised in the yellowish — especially if 
it be treated with a reducing agent. 

In some filtrates obtained from salted muscle, the bain before D was 
missing, sp. 4 being seen instead. 

The faint band after D did not disappear with ammonium sulphide 
showing that it did not belong to haemoglobin. 

In some cases the coagulum, produced by adding alcohol to the 
filtrate from salted muscle, when extracted with rectified spirit and 
caustic potash showed a band like that of alkaline haematin at D, sp. 5 ; 
but it is worthy of notice, although I do not attach much importance to 
this result for reasons to be mentioned again, that this band did not go 
with ammonium sulphide, while another faint band between D and E 
appeared, this latter however is not the dominant reduced myohaematin 
band as it is nearer the red than the latter. Such coagula were extracted 
by various solvents including glycerine and water with a negative result, 
the colouring matter clinging most tenaciously to the coagulated proteid. 

Several proteids appear to be present in the filtrate from salted 
muscle, and all the myohaematin is not carried down completely until 
the solution has been heated sufficiently to carry down the last proteid. 

When the filtrate from salted muscle is concentrated in vacuo over 
sulphuric acid, it becomes redder and the bands can be seen very 
ne they read after concentration as follows :— 


Ist, % 589 to A 571, 
2nd, 553°5 to 545, 
3rd, uncertain (see sp. 7). 


But it is quite evident that the myohaematin here is not the same 
as it exists in muscle, the bands being those of modified myohaematin. 
The first band of sp. 7 does not belong to oxyhaemoglobin as it persists 
after the use of sulphide of ammonium. Probably during the extraction 
of the myosin and during the subsequent concentration in vacuo, changes 
take place which account for the change of spectrum. I succeeded 
in procuring haematoporphyrin by acting with sulphuric acid on the 
coagulum produced by absolute alcohol on the filtrate of salted muscle, 
and filtering through asbestos, but owing to the doubt which I felt 
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as to whether traces of haemoglobin might not be present, I do not 
attach much importance to these observations ; although as I shall sub- 
sequently show, haematoporphyrin may be procured from myohaematin 
alone, when the influence of haemoglobin may be entirely excluded. 
The influence of acids and alkalies, of oxygen and carbonic acid, &c. 
was also studied, but the same remark applies to them. 


| Ona Method of obtaining Myohaematin in solution by means of Ether. 
—By the method now to be described myohaematin may be obtained 
perfectly free from haemoglobin, and it is so simple that it is surprising 
no one has discovered myohaematin before. I am indebted to some 
observations of H. Struve’ for this method of extraction. Struve says 
that he has discovered a body giving the spectrum of oxyhaemoglobin 
S but which is not that body for certain reasons which he mentions. He 
! obtained it by extracting “flesh” with ether; that from the ox and calf 
gave the best results, but it was not present in the ether extract of all 
flesh ; he also found it in the liver of the calf and ox and elsewhere. 
Struve goes on to say that when flesh is treated with ether one obtains 
on the one hand a more or less strongly coloured muscle-juice as a result 
of osmotic phenomena, and on the other hand an ether solution, 
which according to the kind of flesh used is coloured more or less 
strongly yellow. On evaporation of the first ether extract one obtains a 
residue containing different kinds of fat, which separate out on cooling 
the extract. The flesh is then treated with ether again, when the 
latter becomes less deeply coloured than before, and on concentration 
traces of fat separate from it, while it remains yellow and now gives two 
bands like those of oxyhaemoglobin*, Struve therefore turned all his 
attention to the ether, not to the “juice” which had exuded “as a result 
of the osmotic phenomena;’ had he examined the juice probably he 
might have found myohaematin. 
Struve’s body giving the oxyhaemoglobin spectrum resembled 
myohaematin in being yellow, but differed completely in spectrum. | 
_ It is however worthy of notice that myohaematin may also at times be a 
found in the ether, as will be shown, though this is an exceptional is 
occurrence. 


The most interesting point in Struve’s experiments was the 


1 Berichte der deutschen chem. Ges. Band 1x. 8. 623—627. 


2 He found the bands to correspond with those — as figured by rents 
in Die Blutkrystalle, 1871. 
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_ separation of a coloured “juice” under the influence of the ether, and it 
is in this “juice” that myohaematin is found. 

I repeated Struve’s experiment, in the first place on the heart of 
an ox, which was finely divided, and freed from fat as much as possible, 
also washed free from blood and then subjected to pressure in a linen 
cloth. It was then put into a large bottle provided with a glass stop- 
cock and covered with ether, the bottle inverted in a suitable stand, so 
as to allow any juice which exuded to cover the neck of the bottle and 
to be removed by the glass stop-cock. After two days’ extraction the 
reddish juice gave the spectrum of methaemoglobin mixed with that of 
myohaematin, as shewn in sp. 8. Here the dominant myohaematin 
band read A 552 to X 545. On adding sulphide of ammonium, the two 
oxyhaemoglobin bands momentarily appeared, then that of reduced 
haemoglobin accompanied by those of myohaematin, sp. 9. As this 
juice exuded under the influence of the ether it was removed from time 
to time for a fortnight until at the end of that time a pale yellow juice 
exuded which no longer contained haemoglobin, and which on treatment 
with sulphuretted hydrogen gave sp. 10. This spectrum evidently is 
that of altered myohaematin, and the juice which showed it was treated 
with a stream of oxygen and with a stream of carbon dioxide for a 
considerable time without producing any change whatever. The ether 
_ extract itself after the lapse of a month showed the myohaematin bands 
(modified) mixed with those of a lipochrome. The former read :— 


lsat, 552 to A 545, 
2nd, >A 521°5 to A 518°5 = narrow part, 


the broader shading over which the latter was placed could not be 
measured. See sp. 11. This ethereal solution became redder on con- 
centration and deposited a good deal of fatty matter; on extracting the 
residue with petroleum ether an orange coloured solution was obtained 
showing similar bands. Here then in all probability the coloured 
constituent had separated from the proteid, the former uniting with the 
fat from which it could not be separated. It is possible that some 
constituent such as lactic acid may have united with the myohaematin 
and increased its solubility, presenting in this a parallel to haematin 
which when. pure is much less soluble than when an acid clings to it. 
It is worthy of remark that no myohaematin can be got into ether by 
extracting coagula from muscle-juice with it; and another point noticed 
was this: that while myohaematin is soluble in water, none could be got 
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from the residue mentioned above—which was left by eee: 
of the ethereal solution—by the use of either cold or hot water. : 
But in this and in other experiments I experienced great difficulty 
in separating the accompanying haemoglobin from the myohaematin, so 
that I again returned to the source where myohaematin 1 is the sole colour- 
. ing matter: namely the pectoral muscles of pigeons. I found that if 
the pigeon be bled to death, there is no need to wash ott the blood- 
vessels with salt solution. The method of doing this has been referred 
to before. On the other hand if death take place from pithing, chloro- 
form narcosis, drowning, or other method whereby the animal is not 
bled to death, then the results are vitiated by the presence of haemo- 
globin. It is necessary too in removing the muscles to dissect them 
away from the blood-vessels, and to squeeze them well in a linen cloth. 
They are then cut up small and covered with ether in a bottle as 
described above. After the lapse of some hours the ether becomes 
yellow, and contains a lipochrome as Halliburton has shown,’ but he 
has seen only one band while I can see two :— | 


Ist, 490 to 469. 
2nd, X 458 to X 441 (approximate). 


A yellowish-red juice also falls to the bottom of the vessel, which on 
spectroscopic examination is seen to contain no haemoglobin, but does 
contain myohaematin in abundance, present generally as modified 
myohaematin, sp. 12; the bands of which read :— 

Ist, A 552 to A 545, 
2nd, » 532 to > 506 over which is placed a narrower, darker 
part from 521°5 to 517. 
This juice is acid in reaction, it is precipitated by heat in brownish 
flocks, and by absolute alcohol in fine granules. The bands are 
unchanged with sodium hydroxide in slight excess, and are diminished 
and then made to disappear with acetic acid’. 

The juice does not always show this spectrum, but another figured 
in sp. 13, which can however be changed into the last by 
ammonium sulphide, The bands of sp. 13 read :— 


Ist, about > 569 to Ar 562, 

2nd, , to 547, 

3rd, _,, A542 tor 509. 
1 Journal of Physiol. Vol. vu. No. 4. 


2 In some solutions two faint bands may be seen in the green between D and E, in a 
deep layer. 
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We notice that the band at D of the normal spectrum of muscle is 
wanting, doubtless due to changes produced during extraction and the 
development of the acid reaction. Two of these bands will be found to be 
coincident with those of myohaematin in the muscle itself. 

If this solution be treated with a stream of carbon dioxide for an hour, 
or if the former solution be treated with a stream of oxygen for the 
same time, as I have repeatedly done, no change of spectrum takes 
place. If however ammonium sulphide be added to the latter the 
spectrum changes. Two well-marked bands appear like those of sp. 12 
now reading :— 

Ist, 553°5 to 545, 

2nd, X 529 to X 509, with a darker part within it from > 523 to » 517. 
This reduced solution cannot be however changed by oxygen as regards 
its spectrum, showing clearly that this myohaematin is not capable of 
uniting with oxygen after it has become reduced ; and as I said before 
the oxidized modification of sp. 13 cannot be changed into the reduced 
by CO, Therefore myohaematin does not enter into a loose 
cdmbinatiph with oxygen like haemoglobin, so far as one can 
judge in dealing with the slightly altered pigment. 

The bands of the oxidized variety of sp. 13 may vary very Te 
in different cases; sometimes they read:— 


Ist, 569 to 562, 
2nd, > 552 to r 545, 
3rd, 542 to 514. 


These measurements are those of a solution concentrated in vacuo, and 
after ammonium sulphide they read :— 
3 Ist, A 553°5 to A 545, 
2nd, » 530°5 to A 506, over which was placed a narrow, darker 
part from > 523 to A» 517. 
Sometimes too a band or bands at D may be visible in concentrated 
solutions as shown in sp. 14, where the great darkness and semanas of 
the other bands are remarkable. 
Although solutions of myohaematin are reddish-yellow yet when 
concentrated they are quite red, so that a red muscle may owe all 
_ its colour to myohaematin. The muscle-juice thus obtained yields 
a precipitate with absolute alcohol, and by heat, by heat and acetic acid, 
and other proteid precipitants. The precipitate becomes a fine red 
when boiled with Millon’s reagent and shows the xanthoproteic reaction 
with nitric acid. The precipitate with absolute alcohol shows the 
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bands of the original solution, and changed in the same manner with 
y soe of ammonium, but when heated to a certain point the bands 
isappear, as they do in muscle itself. Incinerated the precipitate 
showed the presence of iron, and it also contained sulphur, besides 
carbon, oxygen, and nitrogen. Whatever precipitates the proteid out of 
solution also precipitates the colouring matter; and from the coagulum 
no solvent that I have used will extract the colouring matter; hence 
pigment and proteid are closely united. In fact, myohaematin appears 
to be a coloured proteid. 

On certain Crystals observed in Solutions obtained as above. When 
muscle-juice obtained as described is concentrated in vacuo over sulphuric 
acid crystals separate out, which belong to the rhombic system’ and are 
coloured yellow or yellowish-red ; each crystal when large enough 
showing the bands of the mother solution. They readily dissolve 
in water, the solution being precipitated by heat and by absolute alcohol ; 
these crystals were incinerated and also yielded traces of iron. Hence I 
was inclined to believe that they must have been crystals of myohae- 
matin; but subsequent experiments showed that this is not the case. In 
colourless muscle-juice from the rabbit I observed similar crystals and 
these showed no absorption bands whatever. Subsequently I found 
that I could deprive coloured crystals of their colour, while at the 
same time they lost their absorption bands, by washing them with 
water containing enough rectified spirit to keep them from dissolving; 
and when thus prepared their aqueous solution was no longer | 

_ precipitated by heat or alcohol, and boiling with Millon’s reagent gave a 
negative result. Why did crystals from coloured juice give a spectrum 
and proteid reactions, and why did their ash contain iron? Simply 
because each crystal as it formed became coated with a film of coloured 
proteid to which these reactions were due. 

When the colourless crystals were dried in vacuo over H,SO, they 
effloresced, each crystal breaking down into a white powder. Finally I 
proved them to be crystals of kreatin, and doubtless the muscle-juice 
obtained as I have described may be found useful for the demonstration 
of kreatin. By following Hoppe-Seyler’s directions’ I changed them 
into kreatinin and obtained the very characteristic crystals of the 
combination of zinc chloride and kreatinin by treatment with the latter 

- reagent and allowing the solution to stand some hours. 


1 “Oblique rhombic columns,”...** belonging to the monoclinic system.” 
.* Handbuch der Phys. und Path, Chem. Anal. yierte Auflage, 8.178. — 
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. Although ether does not usually take up myohaematin from pigeon’s 
muscle, yet in one instance- the ether extract did contain some, as 
shown in sp. 15. The band at D did not go with sulphide of 
ammonium. 

Ammonia added to pigeon’s muscle forms a glutinous solution 
of an orange colour, in which no distinct bands may be detected, 
yet on adding ammonium sulphide two modified myohaematin bands may 
be seen, like those of sp, 12; but if this solution is boiled they can 
no longer be brought back with sulphide of ammonium. 

From the red muscles of the rabbit myohaematin may be procured, 
and the juice obtained as above gives the same spectrum, as in the case 
of pigeon muscle, the pale muscles yielded only traces. 


On the decomposition products of Myohaematin.—In endeavouring to 
procure these, the coagula’ from the muscle-juice perfectly free gt 
any trace of haemoglobin were used. _ 

Treated with rectified spirit and caustic soda or caustic scbiaiacste 
order to find out whether alkaline haematin can be procured—a 
gelatinous mass which filters with difficulty is obtained. In this two 
very faint bands in green may be just visible, but on adding sulphide 
of ammonium the bands of modified myohaematin are reproduced, there 
is no band at D, therefore no alkaline haematin can be procured. 

If rectified spirit and sulphuric acid be used, no result follows until 
the solution has been heated, then a faintly reddish solution is obtained 
which after filtering gives some feeble bands (sp. 16), which read 

(approximately) :-— 
Ist, 636 to A 601, 
2nd, 585 to 569, 
3rd, A 545 to Av 526, 
4th, 7 511 to A 485. 


These resemble the bands of acid haematin, but do not exactly 
correspond; at the same time I believe this to be a kind of acid 
haematin. 

When the coagula were treated with strong sulphuric acid and filtered 
through asbestos, 1 did obtain acid haematoporphyrin undoubtedly. In 
the dark red filtrate a well-marked narrow band was visible before D 
and arent between D and E, also a third simply due to the presence 


1 By the word i enaattincs” here and elsewhere I mean that produced by adding absolute 
alcohol to the muscle-juice. 
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of proteid, the two former vary slightly according to concentration of the 
solution. In one experiment they read:— _ 


Ist, 601 to 589, 
2nd, » 559 tor 545. (sp. 17.) 


If we compare with these measurements those of a solution of acid 
haematoporphyrin from the integument of a slug’ we get: 


Ist, % 600 to A 591, 
2nd, 561°5 to 547. 


; Hence the bands are practically coincident. 


On pouring the filtrate into water and adding ammonia precipitation 
takes place; on dissolving the precipitate in rectified spirit and ammonia 
by the aid of heat a four-banded spectrum is obtained, sp. 18, whose 
bands are fainter and narrower—owing to dilution—than they ought to 
be for comparison ; they read :— | 


Ist, 625 to 6125, 
2nd, 587 to 560'5, 
8rd, X 540 to 526, 
4th, 509 to 488, 


If we now take a similar solution prepared from haematin we get 
the following readings :— 
Ist, A 633 to »A 612'5, 
2nd, 587 to 564, 
3rd, > 549 to A 529, 
4th, 518°5 to 488. 


Allowing for great dilution the agreement is close enough. Hence 
then we can procure haematoporphyrin from myohaematin. Now I | 
stated formerly* that the histohaematins may be the mother substances 
from which the integumental haematoporphyrin of certain invertebrate 
animals may be derived; a statement which is now proved to be quite 
correct, And since myohaematin and haemoglobin yield some decom- 
position products which are respectively identical, one may safely 
conclude that these colouring matters are nearly related to each other. 
Probably myohaematin is of simpler constitution than haemoglobin, 
since the intermediate products of decomposition are not all obtainable, 
while the ultimate ones agree. 


1 Journ, Physiol. Vol. yu. No. 3. 
2 Journ. Physiol., loc. cit. 
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Separation of a Histohaematin.—Owing to the difficulty of excluding 
the influence of. haemoglobin, the separation of a histohaematin from a 
vertebrate organ is not as easy as is that of myohaematin. I have 
already shown that the spectrum of a histohaematin in the blood-free 
organs of a cat’ agrees remarkably in the case of each organ, and with 
that of myohaematin ; so that if one can succeed in getting a histo- 
haematin from any organ, it may be considered identical with that from 
any other organ; and if we can show that the body in solution agrees 
in spectrum with that of myohaematin in solution, we may conclude 
that all that has been said about myohaematin will apply to it. 

A histohaematin may be obtained from the kidney by the same 
method as that required for procuring myohaematin, with this exception, 
that the blood-vessels have to be washed out with salt solution. The 
kidney of the sheep has been used for this purpose. A longer time is 
required for the extraction of a histohaematin than for that of myo- 
haematin: three weeks or a month being generally necessary. 

The organ, after its arteries have been injected with salt solution, is 
cut up small, washed, the portions pressed in a linen cloth, and then 
covered up with ether in a bottle. After the lapse of some days a 
yellow juice is found to be exuding which at first may contain a little 
haemoglobin, but later on this juice is of a paler tint and then is free 
from it, Even if haemoglobin be present the detection of a histohaematin 
is not interfered with, as ammonium sulphide will bring out the dominant 
histohaematin band, which may read from A 553°5 to A 547, and is 
therefore coincident with the first band of changed myohaematin. In 
some cases I could just perceive the second band from 2X 526 to A 514, 
which is also identical with the similar band of modified myohaematin. 
In sp. 19 I have given this spectrum, and in that case the bands read:— 


Ist, > 551 or 2 to A 547, 
2nd, A 523 to > 517 = darker part. 


On looking back, we now see that this darker part also corresponds to 
the darker part of the same band in the case of myohaematin. Sometimes 
a band may appear momentarily in red on adding ammonium sulphide, — 
and the other bands are always intensified. Moreover these bands are 
affected in a precisely similar manner as those of myohaematin, by the 
action of different reagents: in fact there is no longer the shadow of a 
doubt that no difference exists between this modified histohaematin and 
modified myohaematin. The juice in which this pigment is held in 


1 Phil. Trans, Part 1. 1886. 
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solution is also like the corresponding muscle-juice rendered cloudy by 


heat and acetic acid, and by absolute alcohol, and the precipitate is _ 


coloured red by boiling with Millon’s reagent. Hence in this organ a 
plasma occurs which holds in solution a respiratory coloured proteid, 
and from the liver of the rabbit I have obtained a similar one. 


Remarks.—The proof of the existence of these respiratory proteids, 
detected in the solid organs and tissues of animals by means of the 
microspectroscope, no longer rests on the observation of their spectra 
in those organs and tissues, as one can easily now obtain them in 
solution and study their changes with reagents. They are as important 
as haemoglobin, if not more so in some animals, and they have the right 
of priority in time, as they were developed at an earlier period than 
haemoglobin, speaking from a phylogenetic ‘point of view. Even in the 
lowest of metazoa—the Sponges—I have met with histohaematins’, 
where they are also capable of oxidation and reduction and are therefore 
respiratory. It is not improbable, but indeed likely, that by a process 
of physiological selection these respiratory proteids may have become 
more complex, and their molecular instability therefore greater as the 
animal body became more elaborated, and a necessity arose for the 
setting apart of respiratory proteids for abstraction of oxygen from the 
air. In this way haemoglobin may have arisen, and although it is 
usually said that the mere colour of haemoglobin is of no use, yet the 
fact cannot be denied that most respiratory proteids are coloured bodies. 
The molecular complexity of the histohaematins is certainly not so great 
as that of haemoglobin, and their respiratory capacity is apparently far 
inferior to that of haemoglobin, for I am convinced that the histohaematins 
do not take up the oxygen in a loose combination, although they certainly 
do unite with it in a more stable combination. At the same time, one 
must remember that the myohaematin or the histohaematin procurable 
from dead tissues differs in spectrum and therefore probably in chemical 
composition from that of the living tissues. It is well known that no 
free oxygen can be obtained from muscle, and if myohaematin be the 
body with which it unites, then myohaematin must certainly have 
something to do with the storing of oxygen in muscle; and if this be 
the case in muscle it must be the case in other tissues and in the organs 
in which the histohaematins are found. 

In studying the chromatology of many invertebrates I have been struck 
by the fact that while some of their colouring matters can be reduced 


1 Proc. Physiol. Soc., March, 1886, 
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by such reducing agents as sulphide of ammonium, yet by shaking with 
air, or by passing a stream of oxygen into them, they cannot be 
reoxidized ; in this point they afford a parallel to the histohaematins. 
Krukenberg has noticed the same thing and he has justly concluded 
that the respiratory processes of many of these animals is not as simple 
a matter as it is supposed to be. There can be no doubt that the union 
of these respiratory colouring matters with oxygen is a much more stable 
one than is the case with haemoglobin. It is in the observation of such 
facts as these that the spectroscope comes to be of value, for if these 
bodies did not show absorption bands one could not determine whether 
they were in the oxidized or reduced state. 

The question may now be considered as settled which I was not able 
to answer before: namely, In what condition is myohaematin present in 
muscular fibre? as it is certainly present in the fluid condition. After 
muscle-coagulation sets in it is found in the muscle serum, and in the 
kidney also it would appear that the “structural elements” of the organ 
are bathed with a “juice” which contains the respiratory proteid 
histohaematin. Anything which causes coagulation of the proteid or 
proteids in the “juice” carries down the pigment and prevents its 
extraction by solvents. 

The presence of iron in the muscle-juice in which mychaematin 
- occurs is interesting, and it probably belongs to the myohaematin, 
because there is no other constituent present in the muscle-juice which 
is known to contain iron. Until myohaematin shall have been definitely 
isolated this point must however remain undecided. If iron is necessary 
for the formation of myohaematin and the histohaematins, an interesting 
medical point is raised: and another equally interesting question is this: 
May not oxygen starvation of the tissues occur from a deficiency of the 
respiratory proteids ? And if these are not present in quantity or quality 
sufficient for the discharge of tissue- or internal respiration, then 
metabolism cannot be properly performed in the various organs and 
tissues, and these may become laden with products of _— 
metamorphosis leading to the production of disease. 

These are not mere hypotheses, for I have definitely proved that 
myohaematin and the histohaematins are not themselves products of the 
metabolism of haemoglobin, but are mother substances of great import- 
ance from a physiological point of view. And the fact that they can be 
converted into decomposition products, some of which are identical with 
those of haemoglobin, such as acid haematin and haematoporphyrin, 
teaches that the view hitherto held that most of the biliary and urinary 
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pigments are derivatives of haemoglobin must be considerably 
modified. 

The likeness of modified myohaematin to haemochromogen is 
striking, but I find that the bands of the former are much nearer the 
violet end of the spectrum, and the dominant myohaematin band is very 
much narrower than the first band of haemochromogen. 


EXPLANATION OF CHART OF SPECTRA. PLATE II. 


Sp. 1. Filtrate from pigeon muscle which had been treated with chloride 
of sodium, after addition of water. 

2, The same with ammonium sulphide. 

3. Filtrate obtained later and filtered under pressure. 

4. A similar filtrate. 

5. This filtrate was precipitated by absolute alcohol, the shinsipitaie 
extracted with rectified spirit and caustic potash and the solution filtered. 

6. Thesame with sulphide of ammonium showing band at D still present. 
Note however that the 2nd band is not in the same place as that of myo- 
haematin’, 

7. The muscle extract from salted muscle somewhat concentrated in vacuo. : 

8. The reddish juice from heart of ox obtained by the ether process, 
showing spectrum of myohaematin mixed with that of oxyhaemoglobin or 
methaemoglobin. 

9. The same with ammonium sulphide. 

10. Purer “juice” from same source treated with sulphuretted hydrogen 
in aqueous solution. 

11. Ether extract of heart muscle of ox, showing flow as an excé ion 
myohaematin may be taken up by the ether. 

12.. The red “juice” from blood-free pigeon muscle which exudes under 
the influence of ether shows generally this spectrum. 

13, Sometimes this spectrum is seen instead of the last ond appears to 
belong to oxy-myohaematin. 

14, “Juice” from pigeon muscle obtained by the ether process, _ 
a good deal of myohaematin and showing some bands at D. 

15. An ether extract of pigeon muscle gave this spectrum on one 
occasion; this is however the exception to the rule, as one generally only finds 
lipochrome bands in the ether extract. 


1 As stated above I attach no importance to this spectrum, it may be only that of 
haemochromogen mixed with alkaline haematin. 
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16. A spectrum somewhat like acid haematin, got by acting on myo- 
haematin with rectified spirit and sulphuric acid. 

17. Acid haematoporphyrin from myohaematin. 

18. Alkaline haematoporphyrin from myohaematin. 

19. Spectrum of a histohaematin from the kidney of the sheep. This can 
be seen after removing the juice, which exudes from the organ—previously 
injected with salt solution aud finely divided—under the influence of ether, 
twice or three times, and again covering with ether. Finally a pale yellow 


_ juice exudes which shows these bands. 
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ON THE HISTOLOGY AND FUNCTION OF THE MAM- 
MALIAN SUPERIOR CERVICAL GANGLION. By 
W. HALE WHITE, MD. PI. IIL. 


In a‘paper published in the Transactions of the Royal Medico- 
Chirurgical Society, Vol. LXvii1., I showed that the variations of the 
human superior cervical ganglion were very great, and bore no relation 
to the cause of death. 

These variations were:—1. In size. 2. In the condition of the 
nerve cells. 3. In the amount and character of the connective tissue. 
4 In the proportion of the nerve cells to the other parts of the ganglion. 


5. In vascularity. The last two depend so considerably upon the point 


at which the section is taken, that as a rule it is difficult to say much 
about them; but the other three variations are so great and so almost 
without parallel in any other organs of the body, that I have tried to 
account for them by the examination of the sympathetic ganglia of 
human fvetuses and of the lower animals. For the sake of uniformity of 
comparison the superior cervical ganglion has been chosen, and in every 
case the account of the appearances of the ganglion has been written 
without my knowing either the cause of death, or the animal from which 
the specimen was taken. These points have been found out, and added 
to the description after it was written. All the specimens were prepared 
in precisely the same way. They were hardened in chromic acid and 
alcohol, imbedded in gum, cut with a freezing microtome, stained in log- 
wood, and mounted in Canada balsam. 

In the first place as regards size. Out of forty-one adult human 
superior cervical ganglia examined, the largest had a diameter of 11°5 
millimeters, the smallest had but a diameter of 4°75 millimeters, Among 
the forty-six lower animals examined no ganglion was quite so large as 
the largest human one, but some were smaller than the smallest, so 
that in the series of forty-six animals, ranging in size from very large 
ones as the horse, to very small ones as the bat, the variation in size of 
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the ganglion was about the same as in the single species man. The 
semilunar and other ganglia in man are equally variable. With the 
lower animals, the size of the superior cervical ganglion most undoubt- 
edly varies directly as the size of the animal. Thus the larger ganglia, 
among the animals examined, came from the hyzna, the horse, the 
chacma baboon and the dog, whilst the smaller were taken from the bat, 
the ichneumon, the opossum, the dasyure, the coati, the rat, and 
fennec fox. | 

_ In the second place let us examine the nerve cells, For convenience. 
of description the nerve cells of sympathetic ganglia may be divided 
into three groups, but many intermediate forms are to be found. Group 1. 


The cells have tapering processes, they are deeply stained by logwood, 


and lie in the centre of their capsular space, their margins are sharply 
defined ; the nucleus is visible but does not contrast very strongly with 
the rest of the cell. Group 2. The cells completely fill the capsules, 
they have no processes, they are moderately stained by logwood, their 


margins are not so well defined as in group 1 ; sometimes the nucleus is 


visible, sometimes it is not. Group 3. The cells completely fill their 


capsules, they have no processes, they are faintly stained by logwood, 


_ but the nucleus is deeply stained, and has a clear space around it; many 


nucleoli may be seen. All three groups are found both in man and the. 


lower animals; it is exceptional to find that all the cells of any ganglion 


belong entirely to the same group. The cells of the first group are as a 


rule much smaller than those of the other two. 


All observers have noticed the peculiar granular pigmented 


ance so common in the cells of the human sympathetic ganglia; it does 


not appear to have attracted much attention from those who have. 


examined ganglia of the lower animals. It has already been described 


by myself and others, so that here one need only say that it affects all — 


three groups of cells, In its extreme degree the cell is reduced to a 
minute mass of granular brilliant yellow pigment in the centre of its 
capsular space; sometimes it is present only in part of the cell; the 
nucleus is the last part to be altered; the cell may maintain its normal 
size and all degrees between this and a minute granular mass may be 
seen; the cell is often granular without any pigmentation, and sometimes 
the outline of the cell is vague and ill defined and in other specimens 
it is sharply defined. The brilliant yellow colour of the pigmentation is 


strongly suggestive that it is directly derived from the blood, and should © 


the researches of Adamkiewicz‘ on the blood supply of the ganglion 


} Der Blutkreislauf der Ganglienkelle, Berlin, 1886, 
PH. 6 
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cells be confirmed, they will explain the yellow colour of the pigmenta- 
tion. This granular pigmentary change certainly cannot be due to 
alteration after death, for many of the sections prepared from ganglia of 
the lower animals and some of the sections prepared from human ganglia 
showed little or none of it, whilst others prepared: 1 in a precisely oe : 
way showed it in abundance. - 

Reference to the appended list of human superior cervical ganglia 
shows that the only ones which can be said to be but moderately affected 
are numbers 4, 5, 13, 14, 15, 17,36. Forty-one ganglia are described, so 
that 88 per cent. of human superior cervical ganglia may be said to pos- 
sess considerably degenerate cells, and even the remaining 17 per cent. 
| are not entirely free from degeneration. This is a result so astounding 
that it might be thought that the condition here described as degenerative 
is really normal for sympathetic cells, but that cannot be, for it is impos- 
sible to conceive that the minute masses of pigmented granular matter 
| can be normal nerve cells; all stages may be seen between what I have 
already described as the normal types of sympathetic ganglion cells and 
| (hese granular masses; and, lastly,many lower animals and human foetuses 
have cells corresponding to the usual type of nerve cells, Other observers, 
; who have examined a large number. of human sympathetic garglia 

are agreed as to the frequency of this change, for example, Giovanni’ 
shows how common pigment granules are. His tables, and mine also 
demonstrate that this degenerate condition bears no relation to the cause 
of death. We seem therefore forced to the conclusion, that although 
the nerve cells cannot be called normal, nevertheless it must be allowed 
that the normal human superior cervical ganglion contains large — 
of cells in all stages of pigmentary granular degeneration. | 
In order to see whether this condition is frequent in the lower sesbin 
I have examined the superior cervical ganglion from 46 mammals. I 
have not extended my researches to cold-blooded animals, for Gaskell* 
says “The evidence then strongly points to the conclusion that in those 
cold-blooded animals, which possess a cervical sympathetic of ‘the same 
nature as that found in mammalia, no superior cervical ganglion exists.” 
In the table at the end of this paper the animals are — grouped 
according to their position in the class Mammalia. 
Among the ten old-world a examined, four, niinely the vervet & 


1 Patologia del Simpatico, p. 117 et seq. 3 
2**On the structure and function of visceral nerves.” This Journal, Jan. 1886, 
p- ‘BB. 
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monkey, the malbruck monkey, the rhesus monkey (two specimens) pre- 
sented much degeneration of the nerve cells. 

In the case of the rhesus monkeys this was very striking, for with — 
each, on looking at the sections, I wrote down that they more nearly 
resembled the human type than any I had previously seen. This was 
- done without knowing at all from what animals they were taken. 

I have only looked at one new-world monkey, viz. the squirrel. 
monkey; it will be noticed that the cells are degenerate looking, slightly 
granular, ill formed and non-nucleated. 

There is nothing much to be said for or against the cells of the bat. 

Twenty-two Carnivora have been examined. Among them there 
are none that show anything like sufficient granular change to enable. 
one to say they resemble the usual human type. The sections with the 
most degenerate cells were taken from the ocelot and the raccoon-like 
dog, but in neither of these is there any pigmentation, and the granular 
change is but slight. A few others show an occasional degenerate cell, 
but certainly not so often as one finds such cells even in the human 
central nervous system.- 

Eight Ungulates have been looked at; with the exception of a tence 
of a granular appearance in the cells of the naked-eared deer and the 
axis deer, none of the animals show anything but normal healthy-looking 
nerve cells, 

Two Rodents and two Marsupials have been examined, and j in all the 
cells were normal. 

Thus we see that man presents by proportion 
granular, pigmented, degenerate looking, sympathetic nerve cells; next 
come the monkeys; the carnivora show a very small sriportion, the 
ungulates hardly any, and the animals lower in the scale none at all. 
Also in those classes in which the proportion of degenerate cells is 
highest the absolute amount of degeneration is greatest. : 

Taking next the third point. I propose to consider the amount and 
character of the interstitial tissue; we may say at once that it is not of 
much value, for by far the greater amount of the connective tissue has to 
support the blood vessels, and the size of the blood vessels seen in any 
section depends upon the point at which it is taken, The usual 
vascular arrangement: is for a vessel to enter somewhere at the side of 
the ganglion, and then after having reached its axis to run vertically in 
this, sending off branches peripherally which anastomose with minute 
offsets of vessels, which enter from the fibrous sheath of the ganglion 
and converge towards the centre of it. But this, the more frequent 
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arrangement, is subject to many variations. It will thus be evident that 
if the section happen to be made at the point at which the main vessel 
enters much fibrous tissue will be seen. Sometimes the fibrous capsule 
around the ganglion is very thick ; it appears to be thicker the smaller 
the ganglion ; often it contains so much elastic fibre that it contracts into 
a wavy band like the elastic part of the inner coat of an artery.. 
Axman long ago drew attention’ to the thickness of the capsule in some 
animals, 

_ _In many sections one sees the interstitial tissue crowded with bodies 
darkly stained with logwood. Some of these no doubt are axis cylinders, 
some are the nuclei of the fibrous tissue, but by far the greater number 
are small cells quite indistinguishable from white blood corpuscles or 
lymph corpuscles, in fact Giovanni’ and Foa’* call them leucocytes. In 
calling them by this name I do not wish to imply that it is definitely 
proved that they are all leucocytes, but it probably is so, for I have-seen 
them passing from the interior of a blood vessel; I have seen them 

between the ganglion cell and its capsule, which interval is asserted by 

aa Adamkiewicz‘ to be a lymphatic space continuous with the perivascular 

: space of the vessel supplying the cell; they are indistinguishable from 

leucocytes, indeed some observers, as just mentioned, regard them as 
such ; and lastly I have twice observed in the semilunar ganglion taken 

from children masses of lymphoid tissue in the substance of the ganglion. 

Sometimes these leucocytes are so numerous as quite to obscure the 

| structure of the ganglion. I had hoped to find some decided difference 

| _ between men and animals with regard to the amount of this infiltration 
with leucocytes, but am sorry to say I have not found any. I showed 
aa some cases of diabetes at the Pathological Society® in which it was more 


marked than in any specimen I have examined, and said I thought it 
might have a real relation to some cases of diabetes; but in further 
researches I have found the same infiltration with leucocytes, although 
not so extreme, in other human specimens (especially those from cases 
of purpura haemorrhagica) and in those taken from Mammalia generally. 
1 Whether when in excess it is to be regarded as evidence of inflammation 
is doubtful, perhaps it bears some relation to diabetes, purpura and 


1 Beitriige zur Mikroskopischen Anatomie und Physiologie des Ganglien-Nervensystems 
des menschen und der Wirbelthiere ; von Carl Axman. Berlin, 1863. 

2 Op. cit. | 

* Rivista Clinica di Bologna, 187A, p. 206. 

Op.cit. 
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other obscure diseases which may have caused death in those animals 
in which it was found. There is no connection whatever between 
the amount of it and the degree of degeneration of the nerve cells. 

I have examined the superior cervical ganglion of ten human 
foetuses. Types of all varieties of nerve cells were present, but although 
they were often very small, apparently because they had not yet fully 
grown, none were degenerate or pigmented. 

From an examination then of 41 adult human superior cervical 
ganglia, 46 other mammalian and 10 human fetal similar ganglia— 
which means the examination of about a thousand sections, for a large 
number of sections of each ganglion were made—I believe myself 
justified in the following conclusions. _ 

Firstly :—that human adult ganglia vary as much in size as do the 
largest and smallest of other mammals, and that the size of the ganglion 
in other,mammals varies directly as the size of the animal, — 

Secondly :—that human superior cervical ganglia present granular 
pigmented atrophic cells much more frequently than other mammals ; 
that this condition, though present to some degree in monkeys, 
diminishes regularly as we descend lower in the mammalian scale, till 
at last it is not seen at all, | 

Thirdly :—that human fetal ganglia do not show any of these 
changes in their nerve cells. Here I may mention that the only child 
whose cervical ganglia I examined also showed healthy cells. 

These facts seem to show that the superior cervical ganglion is 
_ becoming less and less functionally important the higher we ascend in 
the animal scale, till in the human adult its minimum of importance is 
reached. It is in fact an atrophied degenerate organ, like the coccyx 
or the appendix ceci. So that although I do not pretend to have 
discovered whatever function the superior cervical ganglion may have in 
lower Mammalia, it is probable that it is dying out in us. 

From a large number of examinations of human semilunar ganglia, 
I very much suspect that the same is true of it also, and perhaps even 
_ of the sympathetic system generally, judging by a few preparations — 
I have made of other ganglia. 

It may be that as the cerebro-spinal system increases in importance 


_ _ 80 the sympathetic diminishes. I would not however put this forward 


as more than a speculation, except for the superior cervical ganglion. 

I know well that pigmented granular cells are often found in the 
human central nervous system, especially in sections passing through the 
' aqueduct of Sylvius, but they are but rarely. atrophic, not many in 
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arrangement, is subject to many variations. It will thus be evident that 
if the section happen to be made at the point at which the main vessel 
enters much fibrous tissue will be seen. Sometimes the fibrous capsule 
around the ganglion is very thick ; it appears to be thicker the smaller 
the ganglion ; often it contains so much elastic fibre that it contracts into 
a wavy band like the elastic part of the inner coat of an artery. 
Axman long ago drew attention’ to the thickness of the —. in some 
animals, 

In many sections one sees the interstitial tissue crowded with bodies 
darkly stained with logwood. Some of these no doubt are axis cylinders, 
some are the nuclei of the fibrous tissue, but by far the greater number 
are small cells quite indistinguishable from white blood corpuscles or 
lymph corpuscles, in fact Giovanni’® and Foa’* call them leucocytes. In 
calling them by this name I do not wish to imply that it is definitely 
proved that they are all leucocytes, but it probably is so, for I have: seen 
them passing from the interior of a blood vessel; I have seen them 
between the ganglion cell and its capsule, which interval is asserted by 
Adamkiewicz‘ to be a lymphatic space continuous with the perivascular 
space of the vessel supplying the cell; they are indistinguishable from 
leucocytes, indeed some observers, as just mentioned, regard them as 
such ; and lastly I have twice observed in the semilunar ganglion taken 
from children masses of lymphoid tissue in the substance of the ganglion. 
Sometimes these leucocytes are so numerous as quite to obscure the 
structure of the ganglion. I had hoped to find some decided difference 
between men and animals with regard to the amount of this infiltration 
with leucocytes, but am sorry to say I have not found any. I showed 
some cases of diabetes at the Pathological Society® in which it was more 
marked than in any specimen I have examined, and said I thought it 
might have a real relation to some cases of diabetes; but in further 
researches I have found the same infiltration with leucocytes, although 
not so extreme, in other human specimens (especially those from cases 
of purpura haemorrhagica) and in those taken from Mammalia generally. 
Whether when in excess it is to be regarded as evidence of inflammation 
is doubtful, perhaps it bears some relation to diabetes, purpura and 


1 Beitriige zur Mikroskopischen Anatomie und Physiologie des Ganglien-Nervensystems 
des menschen und der Wirbelthiere ; von Carl Axman. Berlin, 1853. 
2 Op. cit. | 
3 Rivista Clinica di Bologna, 1874, p: 206. 
Path, Tea. Vol. 36, 
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‘other obscure diseases which may have caused death in those animals 
- in which it was found. There is no connection whatever between 
the amount of it and the degree of degeneration of the nerve cells. 

I have examined the superior cervical ganglion of ten human 
foetuses. Types of all varieties of nerve cells were present, but although 
they were often very small, apparently because they had not yet fully 
grown, none were degenerate or pigmented. 

From an examination then of 41 adult human superior cervical 
ganglia, 46 other mammalian and 10 human fetal similar ganglia— 
which means the examination of about a thousand sections, for a large 
number of sections of each ganglion were made—I believe myself 
justified in the following conclusions. _ 

Firstly :—that human adult ganglia vary as anh in size as do the 
largest and smallest of other mammals, and that the size of the ganglion 
in other mammals varies directly as the size of the animal, | 

Secondly :—that human superior cervical ganglia present granular 
pigmented atrophic cells much more frequently than other mammals ; 
that this condition, though present to some degree in monkeys, 
diminishes regularly as we descend lower in the mammalian scale, till 
at last it is not seen atall, 

Thirdly :—that human foetal ganglia do not show any of these 
changes in their nerve cells. Here I may mention that the only child 
whose cervical ganglia I examined also showed healthy cells. 

These facts seem to show that the superior cervical ganglion is 
_ becoming less and less functionally important the higher we ascend in 
the animal scale, till in the human adult its minimum of importance is 
reached. It is in fact an atrophied degenerate organ, like the coccyx 
or the appendix ceci. So that although I do not pretend to have 
discovered whatever function the superior cervical ganglion may have in 
lower Mammalia, it is probable that it is dying out in us. 

From a large number of examinations of human semilunar ganglia, 
I very much suspect that the same is true of it also, and perhaps even 
of the sympathetic system generally, judging by a few preparations 
I have made of other ganglia. 

It may be that as the cerebro-spinal system increases in importance 


_ 80 the sympathetic diminishes. I would not however put this forward 


as more than a speculation, except for the superior cervical ganglion. 

I know well that pigmented granular cells are often found in the 
human central nervous system, especially in sections passing through the © 
' aqueduct of Sylvius, but they are but rarely. atrophic, not many in 
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number, and may for all we know belong to functions which are dying 

There are many , shorteomings in this paper. I hope to work still 
further at the subject and so make up for some of them. 

In the following tables the word cell always applies to the nerve 
cells; the word leucocyte is used as explained previously. When any 
part is not described it may be taken as typically normal. 


Human Superior Cervical Ganglia. 


each description. 


| 
| 
| 
| 
| 
| 
j | The name of the disease from which the patient died is prefixed to 
| 1. Idiopathic Anemia of Addison. 
Cells irregular in shape, vague, granular, pigmented, many are 
very small, those not pigmented waht stained badly. Large amount 
| of fibrous tissue. 
2. Cancer of the Bladder. 
Cells very small, much pigmented. Increased amount of fibrous 

tissue. 
Abdominal Aneurysm. 

‘| Cells much degenerated, so that there is not a normal one to be seen, 

| none have stained well, all are reduced to a non-nucleated minute | 
: | yellowish granular mass, Large amount of fibrous tissue. | 


4, Phthisis. 

Cells well formed and nucleated with bat little degene- 
ration. 

5. Phthisis. 


Cells for the most part well formed, but many are granular, degene- 
rate looking, but not pigmented. 


6. Chronic Bright’s Disease. : 
Cells mostly small, many pigmented and the nucleus. 
being always unaffected. 


7. Amputation of Thigh, Bronchopneumonia. 
Cells, some few are normal, but most are pigmented and eiiniate: 
the most extreme being mere dots of — Large amount of 
fibrous tissue, 
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Purpura Haemo ica. 


Some cells normal, others in all stages of issn degriccation: 
Large amount of fibrous tissue. 


Atherotia; gangrene of foot, 
Cells extremely pigmented, many are be small. Large amount of 
fibrous tissue. 


Cancer of Oesophagus. 
Cells partly normal, but mostly pigmented and shrunken, 
Growth in the Bladder. 
Cells mostly shrunken and pigmented. Slight excess of _—e 
Abdominal Aneurysm. 
Cells pigmented and Mirunken. 
Rupture of Intestine. 
Cells mostly normal, a few pigmented. ‘Slight excess of pissin 
Myxcedema, 
A few pigmented cells, more or less degenerate, with granular con- 
tents and no distinct nucleus. Slight excess of leucocytes. 
Myxcedema. 
The other ganglion from the same case as 14, The same age szs te 
applies. 
Chronic Bright’s Disease. 
Some of the cells indistinct with pigmentary degeneration. 
Diphtheria (child). 
Cells normal. Many leucocytes. 
General Malignant Disease. 
Extreme pigmentary degeneration of cells. 
General Malignant Disease. 
Cells very small, atrophied, not much pigmentary degeneration. 
Cardiac Disease. 
Much pigmentary degeneration of cells. 
Chronic Bright’s Disease. 


Cells more degenerate and pigmented than any others examined. 
Very large amount of fibrous tissue. A few leucocytes. 


Chronic Bright’s Disease. 
Cells much pigmented. 
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Chronic Bright’s Disease. 
Cells much degenerated. 
Chronic Bright’s Disease. 
Cells vague, much pigmentary degeneration. Many leucocytes. 


Cerebral Hemorrhage. 


Cells extremely small, degenerate. Many leucocytes. 


Cerebral Hemorrhage. 


Opposite cervical ganglion to 25. There are not so many degenerate 
cells, 


Purpura. 
Cells very degenerate. 
Purpura. 
Opposite cervical ganglion to 27, cells the same, Considerable excess 
of leucocytes, 
Diabetes. 
Many cells pigmented. Excess of leucocytes. 
Diabetes. 
The opposite ganglion to 29, The same Aucatotlin applies except 
that fewer of the cells are pigmented. 
Cancer of Bladder. 
Cells nearly all much pigmented with pale yellow granules, 
Diabetes. 
Cells atrophied, pigmented, granular. Mauy leucocytes. 
Diabetes. 
Cells brilliantly pigmented, granular. A few leucocytes. 
Diabetes, 
Most of the cells are deeply pigmented. 
Purpura, 
Several of the cells are small and granular. 
Purpura, 
The cells are well formed, very few are degenerate. 
Renal Suppuration. 
_ Nearly all the cells are pigmented. 
Disease not stated. 


Many of the cells are only masses of brilliant yellow — There 
are several 
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Diabetes. 
Half the number of a! are pigmented. 


Diabetes. 
The fellow to the last. Most of the cells are pigment and granv- | 
lar. 

Disease not stated. 
Cells fairly well formed, some granular and pigmented. Shows the 
central arrangement of the vessels very well. 


Lower Mammals. 


Catarrhina. 


10, 


Sooty Mangabey (Cercocelus fuliginosus). — 
No degenerate cells, all fill their capsules ; mostly group 3. 


Chacma Baboon (Cynocephalus porcarius). 
No degenerate cells ; mostly group 3. Several leucocytes. 


-Macque Monkey (Macacus cynomologus). 


Exactly like the last. 


‘Vervet Monkey (Cercopithecus Lalandii). 


Cells not numerous, very pale, not sscsceron, granular ne. no 
nuclei, very small; group 1. 


Malbruck Monkey (Cercopithecus cynosurus). 


Cells very like the last specimen, but more obscure. ve pes 
number of leucocytes. 


Mona Monkey (Cercopithecus mona). 
Cells well formed ; good examples of all varieties. 


Chacma Baboon (Cynocephalus porcarius). 


Cells good examples of the first two varieties. 


Rhesus Monkey (Macacus rhesus). 
Cells degenerate, granular, slightly pigmented, some are very small, 
- they are mostly group l. A few leucocytes, 

Rhesus Monkey (Macacus rhesus). 
Another animal. Exactly like the last, save that the calls are 
slightly more pigmented. 

Bonnet Monkey (Macacus sinicus). 


Cells mostly the 2nd variety ; some are indistinct, but on the whole 
they are well formed, 
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B. Pilatyrrhina. 


11. Squirrel Monkey (Chrysothrix sciurea). 
Some of the cells are degenerate looking and granular, ill eemed and 
non-nucleated ; mostly group 1. 


C. Chiroptera. 


12. Indian Fruit Bat (Pteropus medius). 
A few of the cells are ill formed, but not degenerate ; group 2. 


. D. Carnivora. 


13. Leopard (Felis pardus). 
Cells well formed, good processes, one or two somewhat — but 


no pigmentation. 


14. Silver-backed Fox (Canis chama). 
Exactly like 13. 


15. Ichneumon (Herpestes gracilis), 
Cells group 2, hardly a trace of granular change. Abundance of 


leucocytes, 
16. Spotted Hyena (Hyena crocuta). 
Cells are typical examples of all three varieties. 


17. Isabelline Lynx (Felis 
Exactly like 16. 


18, Coati (Nasna rufa). 
bob of group 1, of 
leucocytes, | 
19. Blotched Genet (Genetta bigrina). 
Cells very good, all three varieties. 


20. Common Paradoxure (Paradoxurus typus). 
Cells all good examples of the second group. 


7 21. White-tailed Ichneumon (Herpestes albicanda). 
Most of the cells are typical, others are not well stained and show 


traces of granular change with disappearance of nuclei, some are dined 
small ; chiefly groupe 1 and 2, © | 


22, Jerdon’s Ichneumon (Herpestes Jerdoni). 
Cells good examples of group 3. 

23. Spotted Hyena (Hyzna crocuta). 
Cells good typical examples of all varieties. 
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24. Maccarthy’s Ichneumon (Herpestes Maccarthii), 
Cells good typical examples of all varieties. — 
25. Ocelot (Felis pardalis). 


Cells small and dimly stained, some are very small and dogenerata 
looking, but not distinctly granular or — 


26. Tayra (Galictis barbara). 
A few degenerate looking examples of. group 1, but nearly all are 
normal specimens of groups 2 and 3. Linsianse of leucocytes. 

27. Two spotted Paradoxure (Nandinia binotata). 
Cells normal. 

28. Raccoon-like Dog (Canis procyonidas). 
Cells all group 1; none show nucleus well, many arc very ‘eit 
some have PE out, those remaining are degenerate. 

29. Fennec Fox (Canis pallidus). 
Cells typical examples of groups | and 2. 

30. Common Dog (Canis vulgaris). 
Cells good examples of group 2; one or twoshow a trace ofa granu- 
lar condition. 


31. Common Dog (Canis vulgaris). 
Perfect typical cells of first two groups. 


32. Common Dog (Canis vulgaris). 
Exactly like the last. 


33. Common Cat (Felis cattus). 
Exactly like the last. 


34. Common Cat (Felis cattus). 
Exactly like the last. 


E. Ungulata. 

35. Duyker Bok Antelope (Cephalophus mergens). 
Cells good typical examples of groups 1 and 2. 

36.. Horse (Equus cabalius). 
Cells perfect examples of all varieties. 

_ 37. Thar Goat (Capra jemlaica). 

Cells very good; mostly group 1. 

38. Naked-eared Deer (Cariacus gynnotis). 
Cells in all varieties present ; some of those of group 1 have not stained 


well, the nuclei not being evident and there being just a trace of a 
granular look, but no pigmentation. 
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39. Axis Deer (Cervus axis). 
’ Much the same as the last, Several leucocytes. 
40. Arabian Gazelle (Gazella Arabica). 
_ Normal examples of group 1. 
41. Steen Bok Antelope (Neotragus tragulus). 
Normal examples of groups 1 and 3. 


42. Japanese Hog (Sus leucomystax). 
Cells excellent specimens of the first two groups. 


F, Rodentia. 
43, Crested Porcupine (Hystrix Cristata). 
Cells typical examples of groups 2 and 3. 
44. Beaver Rat (Hydromys leucogaster). . 
Cells typical examples of groups 1 and 2. 
G. Marsupialia. 
45. Crab-eating Opossum (Didelphys cancrivorus). 
Cells typical examples of groups 2 and 3. 


46. Dasyure (Dasyurus Mangoei). 
_ Cells typical examples of group 2. 


EXPLANATION OF FIGURES (Pl. III). 


Fig. 1. Shows the granular pigmented condition of human cells. 
Fig. 2. Shows the granular atrophic pigmented condition of human cells. 


Fig. 3. Shows the granular degenerate appearance of the cells from the 
rhesus monkey. In some sections the cells were even more degenerate and 


slightly pigmented, 
_ Fig. 4. Shows the large, uniform, well nucleated cells from the cat. 


Fig. 5. Shows the uniform well nucleated cells from the Dasyure. 


All the above Sympathetic Ganglion cells are drawn to the same scale, viz. 
with Hartnack Oc. 3, Obj. 7. 
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ON THE PHYSIOLOGICAL ACTION OF ULEXIN. By 
J. ROSE BRADFORD, MRCS. 


(From the Physiological Laboratory of University College, London.) 


ULEXIN is an alkaloid that has recently been prepared by Mr Gerrard’ 
(Pharmacist to University College Hospital) from the seeds of the com- 
mon gorse, Ulex Europaeus, and I have to thank him for the material 
used in this investigation. The hydrobromate was the salt used since 
this salt crystallizes more readily than any other, and so the drug is 
obtained in a greater degree of purity. My best thanks are due to 
‘Dr Ringer, F.R.S., (at whose suggestion the work was begun), not only 
for the very kind manner in which he has assisted me with his advice, 
but also for the many occasions on which he was present at the experi- 
ments, and for the assistance I derived from his valuable criticism. 

Ulexin is an alkaloid that has a very general action on the tissues, 
besides a highly specialized action on the respiration, and so experiments 
were first made on frogs, mainly with regard to its action on muscle and 
nerve; and subsequently on the cat and dog. A few observations were 
also made on the eel with regard to the action of the drug on the heart, 
since in this animal the phenomena of inhibition* are so much more 
readily investigated than in the frog. Since the work was begun, a 
paper by a French observer® has appeared, detailing a few experiments 
on the frog only. Although the results obtained by myself agree in the 
main with his, yet there are some slight differences, and hence it may 
- be more convenient if my own observations are given first, and the 
points of difference mentioned later. | 


1 A. W. Gerrard. Pharmaceutical Journal. Aug. 7, 1886. 
2 J. A. McWilliam. Journal of Physiology. Vol.vt. Page 192. 
3 Pinet. Archives de Physiologie. Feb, 1887, Page 89. 
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1, Action of Ulexin Hydrobromate on the Frog. 

The injection of 5 mgrms. of Ulexin hydrobromate into the dorsal 
lymph space of a frog, weighing 30 grms, is followed in about five 
minutes by cessation of the respiratory movements, abolition of reflexes 


and complete paralysis of all voluntary movement; the circulation 


however is still carried on. The muscles are found to respond to direct 
electrical excitation, but not to nerve excitation; the strongest currents, — 
when applied to the sciatic nerve, failing to produce any contraction of 
the leg muscles, On opening the pleuroperitoneal cavity, it is seen that 
the heart is slowed and weakened, and does not contract completely, 
and hence does not become completely emptied of blood during the 


systole. Stimulation of the vagus does not inhibit it, although the 


application of the electrodes to the sinus does, From this experiment, 
it is seen that Ulexin acts as a nerve poison, and, from the following one, 
it is found that the peripheral structures, presumably the end plates, 
are the structures that are poisoned. In a frog weighing 32 grms. the 
brain was destroyed, and the sciatic nerve dissected out on one side; a 
strong ligature was then tightly tied round the remaining tissues of this 
leg, and 10 mgrms of Ulexin injected under the skin of the back. In 
about a quarter of an hour, the unprotected parts were quite paralyzed, 


i.e, the nerve when faradized caused no muscular contractions, but the 


muscles responded vigorously to direct excitation, hence the nerve was 
affected. The abdomen was then opened, and the trunks of the sciatic 
plexus excited, those going to the protected limb evoked strong contrac- 
tions of the muscles below the ligature, but the nerves of the opposite 
side caused no contractions in the unprotected leg; hence the trunks of © 
the nerves are not paralyzed when their terminations are. A little 


later, it was found that stimulation of the skin of the trunk induced 


only weak and slowly developed contractions:of the protected leg; thus 
showing that the afferent nerves and the reflex functions of the cord 
were not abolished. From the weak character and slow development of 
these contractions, it was inferred that either the afferent nerves or the 
cord were depressed. The spinal cord was then divided, and the 
posterior part stimulated; only weak contractions were induced in the 
protected limb, showing that the cord although not ts iy yet had 
its conducting power impaired. 

In about an hour after the injection, the muscles of the unprotected 
leg contracted feebly and rather slowly, on direct excitation, whilst those 
on the protected side still responded vigorously, thus showing that in 
darger doses the drug is a muscle as well as a nerve poison. The heart 
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was found to be weakened, and stimulation of the vagus produced no 
inhibition. 

Smaller doses than those sentient, above are quite sufficient to 
produce the characteristic effects ; thus.2 mgrms. injected subcutaneously 
quite paralyzed a large female frog (distended with ova) weighing 
88'5 grms, and when these smaller doses are used, the order in which the 
effects are produced is much better seen. 

Voluntary movements and reflex actions disappear first, and the 
former before the latter, whilst the muscles still respond on nerve 
excitation; then this disappears and then the contractions evoked by 
direct excitation are weakened, but unless the dose injected be large, 
the muscles do not cease to respond to direct excitation, and so it is 
only in comparatively large doses that the drug is a muscle poison. 

As mentioned above, Ulexin in the frog causes weakening and slow- 
ing of the cardiac beats, and paralyzes the vagus so that stimulation of 
this nerve is inefficacious, although direct stimulation of the sinus still 


_ produces arrest. The same phenomena are much more readily seen in 


the eel, where as shown by M’William, inhibition is readily produced 
reflexly by stimulation of the branchiae, tail, peritoneum etc. In the 
eel, after the injection of Ulexin into the peritoneum, the heart is found 
to be markedly weakened and slowed; and inhibition cannot be pro- 
duced either reflexly by stimulation of the branchiae, etc., or by direet 
stimulation of the vagus itself, although previously to the injection of 
the drug, such stimulation 1 was Fpietuine by prolonged standstill of the 
heart. 

Hence Ulexin both in the frog bai eel paralyzes the vagus and the 
motor nerves somewhat in the same manner as curare. The action of 
the drug on the respiration of the frog remains to be considered, and 
this is quite unlike anything produced by curare. This, which is the 
most powerful action of the drug, is seen when it is given in very small 
doses. . In a frog weighing 80 grms., 1 cc. of a solution of a strength of 
1 in 300 was injected at 9.20 a.m.: at 9.50 the respirations were impaired, 
there being long intervals without any, and then a series of short and 
superficial respiratory acts. At this time the animal could hop about 
perfectly, and the corneal reflex was still present. At 10.15 am. the 
respirations were occasional and ‘shallow, and there were marked 
occasional quivering movements of the thoracic and abdominal muscles. 
At 2.50 p.m. the frog had quite recovered its voluntary power, but the 
respirations were still infrequent. This observation shows that the drug 
acts powerfully on the respiratory mechanism, in doses which only 
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produce a slight. and transient paralysis of voluntary movement; and 
these doses also. produce quivering movements of the voluntary muscles. © 
With larger doses the respirations will be arrested some time before 
voluntary movement is paralyzed. 

Pinet (loc. cit.) apparently concluded that in the frog the action of 
Ulexin was mainly on the nervous system, and concludes that the 
twitchings observed with small doses are of central origin. Certain 
experiments mentioned below on the mammal, would seem to throw 
some doubt upon this. Finally, besides the action of the drug on the 
motor nerves, it is seen that it paralyzes the vagal terminations, and that 
the activity of the respiratory centre is also abolished, but the monet 
action is best studied on the mammal. 


2. Action of Ulexin Hodeohevsaate on the Mammal. 

Observations were made in the cat and dog on the blood pressure, 
the respiration, and the kidney, and in all cases these results have been 
recorded. The respirations were recorded by a T piece in the trachea, 
the kidney was investigated by means of Roy’s oncometer, the urine 
being recorded at the same time, and for the blood pressure a mercurial 
manometer was used. In the kidney experiments, the blood pressure 
was observed simultaneously, Solutions of the drug were injected into 
the external jugular vein, the animal being under chloroform only, but 
in the experiments on the kidney, the animal was also curarized and 
artificial respiration kept up. Curare was really unnecessary, as the 
Ulexin injected was sufficient to completely paralyze the animal, but 
owing to these kidney experiments having been made before the others 
this fact was not then known. 

_ In the mammal Ulexin is a powerful respiratory poison, the inten 
venous injection of 3 mgrms. in a chloroformed cat, weighing 5 lbs., 
killing the animal with convulsions, in from two to three minutes; but 
if artificial respiration be kept up, the animal can be kept alive just as 
with curare. In a cat under chloroform, where the respiratory move- 
ments were being recorded, 5 mgrm. of Ulexin had the following effect. 
Before the injection, the respirations were at the rate of 26 per minute. 
Immediately after the intravenous injection of the drug, the respiratory 
acts were quickened to 40 in the minute, and were enormously increased 
in depth; much more so in fact than in rate, the amplitude of the 
respiratory curve being three or four times as great as normal. A 
further dose of 15 mgrms, was then injected, and this absolutely 
arrested the respiration, causing first however an attack of convulsions, 
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Artificial respiration was then kept up, and the animal thus kept 
alive, a blood pressure experiment being made; but even after nearly 
three hours there were no spontaneous respirations, and the artificial 
respiration being then stopped, the animal died. After the intravenous 
injection of Ulexin in the above doses, or subcutaneously in larger doses, 
a peculiar quivering, due to fibrillar contraction of the voluntary muscles, 
is seen for some time after all respiratory movements have ceased, and 
even when artificial respiration is kept up. These movements are not 
seen after large doses. Curiously enough they persist, after the part in | 
which they are present has been completely severed from the body, and 
in one instance they persisted for as long as ten minutes in the 
completely detached fore limb of a cat. These muscular movements are . 
not seen after large doses, and they are also not seen in curarized — 
animals. Hence they are the effect of small and initial doses, and they 
seem to be somewhat similar to those described above, as occurring in 
the frog after small doses. Further, after the injection of small doses of 
Ulexin, the muscles respond to mechanical excitation much more readily 
than normally. If large doses be injected, ie. 100 mgrms, and artificial 
respiration be used, it will be found that the muscles no longer respond, 
when the nerve going to them is stimulated, and that ultimately they 
only respond feebly to direct electrical excitation. Thus the drug acts 
first as a stimulant, and then as a depressor of the respiratory mechan- 
ism, and in larger doses. paralyzes the motor nerves; but this effect is 
preceded by a period, during which the excitability of the voluntary 
muscles is increased, and during which quivering movements are 
produced, apparently of peripheral origin. 

As regards the action of the drug on the general blood pressure, 
Ulexin, both in curarized anaesthetized animals, and in non-curarized 
animals, in small doses, raises arterial tension very considerably ; in some 
cases in fact, it almost doubles the height of the blood pressure curve for 
a short time. : 

Thus, ir one case, the blood pressure measured in the carotid of a dog 
was equal to 7 inches of mercury, prior to the injection of 5 mgrms. of 
Ulexin intravenously. 25” after this injection the pressure had risen to 
10 inches, at which height it remained for exactly one minute, and then 
gradually fell to normal in another minute; ultimately falling to 5°5 
inches, at which height it remained. Thus the drug first causes a rapid, 
but great rise of arterial pressure of short duration; followed by a 
gradual, persistent, but slight fall. If larger doses be injected, i.e. 50 
mgrms,, the rise of pressure: is very slight, whereas the subsequent fall 
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is greater, and also of longer duration, By taking simultaneous curves 
of the blood pressure and of the kidney (with the oncometer), it is seen 
that synchronously with the rise of general blood pressure, there is a 
marked contraction of the kidney. It is probable that this peripheral 
constriction is general, and that this is the cause of the rise of blood 
pressure, 

After division of the spinal cord below the medulla (in dogs), Ulexin 
still causes 4 marked rise of pressure, and thus the effect is not at any 
rate solely due to stimulation of the medullary vasomotor centre. 

During the rise of pressure, the heart is very much accelerated ; thus, 
in the case quoted above, the heart was beating at the rate of 144 per 


minute, before the injection; this was increased to 216, fifty seconds — 


after the injection. Along with this acceleration, there is a marked 
diminution in the force of the cardiac beats. This accelerating effect is 
preceded by a very short period, immediately following the injection, 
when the heart beat is slowed and increased in force, This acceleration 
of the cardiac beat is still observed after section of both vagi. Thus in 
one case, in a cat, the heart was beating at the rate of 150 per minute ; 
5 mgrms. of Ulexin raised it to 228 ; some time after, when the rate had 
again become normal, the vagi were divided, the rate then rose to 168 
per minute, the same dose of Ulexin increased this to 216. 

With large doses the force of the heart is greatly weakened, and the 
fall of blood pressure produced is considerable; but, even when 25°/, 
solutions are used, the drug will not kill through the heart for a 
considerable time if artificial respiration be kept up. 

After the injection of Ulexin, stimulation of the vagus does not 


cause inhibition as normally, but this paralysis of the vagus is rather 


transitory; so that, if a short time is allowed to elapse between the 
injection and the nerve excitation, the latter will cause a slight 
inhibition. If large doses are used the paralysis of the vagus is complete. 

Ulexin produces a powerful effect on the kidney, as estimated by the 
oncometer. Doses of 5 mgrms. produce a marked constriction, followed 


by a very large expansion of short duration. If large doses are 


repeatedly injected, the drug no longer causes any constriction, but only 
a slight dilatation, so that as a rule the greatest constriction is produced — 
by the first dose. In connection with this point, we saw that the rise of 
blood pressure is also not observed, when large doses are frequently 
repeated, and it is interesting to observe how the two sets of observations 
agree, The expansion of the kidney vessels produced by Ulexin, 
although frequently greater than that produced by caffein, is not so 
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persistent in its duration. Occasionally the effect on the kidney is a 
little more complicated, the injection being followed by a transitory 
expansion, lasting a few seconds; this being followed by a contraction, 
and finally the kidney expanding a second time. 
As regards the effects of Ulexin on the urinary flow, both the effect 
on the general blood pressure and on the kidney circulation would 
point to its being a diuretic, and this is what is found. In three 
successive observations made on the same dog under chloroform and — 
curare, the following were the results obtained. Previously to the 
injection of the drug, the flow was at the rate of 3 drops a minute, after 
10 mgrms. of Ulexin, the rate was increased to 12 a minute ; but this 
effect was only maintained for one minute. The flow then fell to 3—4 
drops a minute, that is to say returned to normal; 50 mgrms. of 
Ulexin then quickened. the flow to 9 drops 4 minute, at which rate it 
remained for two minutes. A second dose of 50 mgrms. then increased 
this rate to 12 per minute, and this was maintained for several minutes. 
Thus Ulexin is a powerful diuretic, as it quadrupled the urinary flow; 
but as is seen, the effect of small doses, such as 12 mgrms, is transitory, 
and it required as much as 100 mgrms, to maintain it for any length of 
time. Thus although the diuretic effect is quite as great, if not 
greater than that of caffein, the diuresis produced by the latter goes on 
for a much longer time. Further the doses of Ulexin necessary to main- 
tain the diuretic effect would kill through the Respiration. Thus Ulexin 
is an alkaloid, having a powerful and wide spread action, being a 
nerve and muscle poison, a respiratory poison, raising arterial tension 
and producing diuresis; but the respiratory action of the drug, being 
produced by the smallest doses, seems to be the most important. 
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THE ELECTRICAL PHENOMENA ACCOMPANYING 
THE EXCITATION OF SO-CALLED SECRETORY 
AND TROPHIC NERVE FIBRES, IN THE SALI- 
‘VARY GLANDS OF THE DOG AND CAT. By J. 
ROSE BRADFORD, BSc., M.R.CS. 


: (From the Physiological Laboratory of University College, London.) 


In the Proceedings of the Royal Society for February 1886, I 
_ published, in conjunction with my friend Mr Bayliss, the results of an 
investigation, showing that the process of secretion in the salivary glands 
of the dog and cat was accompanied by definite electrical variations. 

The following communication contains the results of work carried on 
during the year 1886, on the parotid of the dog and cat, and the aa 
maxillary of the latter. 

The results communicated to the Royal Society and ciinwhere f 
summed up shortly, were as follows: In the dog, excitation of the. — 
chorda caused a large variation, indicating the surface of the gland to 
become negative to the hilus; and excitation of the sympathetic caused 
the outer surface to become positive to the hilus, this variation being 
neither so rapid nor so great as the chorda effect. In the cat excitation 
of the chorda, or of the sympathetic caused a diphasic variation. Finally 
in the parotid of the dog, excitation of the tympanic plexus, caused the 
surface of the gland to become negative to the hilus, and excitation of 
the sympathetic caused the surface to become positive to the hilus. 

It seemed desirable, as these results were very constant and definite, 
to continue the work, and try to determine if possible, which of the 
many changes that occur during the activity of these glands, are 
concerned in the production of the electrical phenomena.” 


1 Bayliss and Bradford, Internat. Monatsschrift fiir Anat. u. Physiologie, 1887, 
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The experiments described below were performed with this object; 
and the results obtained seem to point to the conclusion, that the 
electrical phenomena produced by the changes in the gland, that follow 
excitation of so-called secretory fibres, are opposite in character, to those — 
produced on excitation of so-called trophic fibres. This conclusion was 
hazarded by us in the paper mentioned above; but only provisionally, 
as the facts obtained then were not sufficient to establish it definitely, 
since they referred almost exclusively to the submaxillary gland of the 
cat. 

It may be as well to mention here, that the word “trophic” is used 
in this paper in Heidenhain’s sense only, i.e. a trophic fibre is a fibre, 
the excitation of which causes the elaboration of the organic constituents 
of the saliva. This is of course not the true sense of the word trophic, | 
and-there are no doubt true trophic or anabolic fibres, in the gland 
nerves, but with these we are not at present concerned. Some observers 
are inclined to the belief, that the real trophic or anabolic fibres are 
also secretory, but it seems not improbable that they are altogether 
distinct from these, as I trust to show in a future communication. 

On excitation of such a nerve as the chorda of the dog the following 
changes in the gland probably occur, besides others biased as yet ; 
unknown. 


1. Vasomotor changes. 

2. Chemical changes in the gland cells, connected with the | 
elaboration of the organic, and possibly of the i syria, ec constituents of 
the saliva. 

3. Changes presumably physical, owing to which water is secreted, 
Le, is enabled to pass through the basement membrane and gland cells, 
through which prior to the excitation it was unable to pass. 

4. Movement of fluid through the cells, ducts etc. 


_ It may not seem necessary to separate the last two statements; but 
it is obvious that before the water can pass from the blood-vessels or 
lymphatics, through the gland cells into the lumen, some change must 
have occurred in the gland cells; since before the nerve excitation they 
were practically impervious to fluid, and then as a result of the excita- 
tion, they suddenly allow fluid to pass through in abundance. The 
nature of this change is not known, since Stricker and Spina’s’ view 
_ of the sponge-like action of the gland cell has not been very generally 


1 Stricker and Spina, Sitzungsberichte der Wiener Akad. uxxx. 1879. 
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accepted, but whether the change is chemical, or partly, as Stricker 
and Spina argued, mechanical, it is at any rate a rapid one. 

The phenomena, as observed by Stricker and Spina in the nicti- 
tating membrane of the frog, are very striking and easily seen; but the 


apparent great swelling up of the cells may be due to the contraction of 


the longitudinal gland muscle outside the cells, and not to a distension 
of the cell with fluid. Hence at present we can only conclude that this 
change, whatever its exact nature may be, is a rapid one, and therefore, 
d priori, is likely to be accompanied by differences of potential. It is of 
course as yet, scarcely possible to attempt to differentiate between the 
preparation of the cell for the passage, and the actual passage of the 
fluid. The most that we can do at present, is to attempt to show that 
this process is accompanied by electrical changes. Histologists have 
paid most attention to the changes in the cells connected with the 
elaboration of the constituents of the secretion ; so possibly it is for this 
reason, that we know so little concerning the passage of the fluid. 
Besides the above changes, the nerve excitation may cause a growth of 
the protoplasm of the gland cell, and possibly other changes; but with 
these we are not at present concerned, and an attempt in the present 
paper will be made to connect the electrical phenomena observed, with 
one or more of the series of changes enumerated above. 


I. Vasomotor changes. 


The electrical phenomena are in all probability not due to vasomotor 
changes, for the following reasons. 


The electrical variations. accompanying the excitation of the shila 


and sympathetic nerves of the cat, are very readily abolished by small 


doses of atropin, this is also true for the chorda of the dog, and it is 
only in the case of the sympathetic of the dog, that the variation is 
abolished with difficulty. It is however precisely with this nerve, that 
the secretory activity is abolished with difficulty. Further excitation 
of the dog’s sympathetic always causes the same vasomotor change in 
the gland vessels ; but it does not always cause the same secretory effect 
either in the dog or cat (as will be described more fully below), and 
coincidently with this, we find that the electrical variation is not always 
the same. 

The fact, that the same nerve in the same animal, will at different 
times give very different results as regards the nature and amount of 
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secretion, seems to be an important one not only with regard to the 
matter under discussion, but also with regard to the much larger 
question, as to the nature of gland nerves, and as to the manner in 
which they are connected to the gland cell. 

Thus to consider first the dog. Excitation of the sympathetic causes, 
as a rule, a scanty and viscid secretion of submaxillary saliva; but in 
different animals and in the same animal, acgerding to the functional 
activity of the gland, there are considerable differences as to both the 
amount of the saliva obtained, and as to its viscidity. In the cat, these 
differences are if anything more marked. Here as a rule the sympa- 
thetic saliva is distinctly less viscid than the chorda-saliva, that is to 
say that at first sight, we appear to have the opposite to what obtains 
in the dog. 

A little consideration, however, will show, I think, that in the cat, 
it is rather that the chorda and sympathetic secretions are very much 
alike, and that the difference in viscidity is very variable. At times, 
there is scarcely any difference to be detected between the saliva 
obtained from the two nerves; and occasionally, but not by any means 
rarely the sympathetic saliva of the cat’s submaxillary is distinctly 
more viscid than the chorda saliva. In other words, in the cat, we do 
not find that marked difference between the chorda and sympathetic 
saliva, that is present in the dog; and such difference as exists, is not 
only less, but is usually in favour of the chorda saliva being the more 
viscid. However, as mentioned above, this is not constant. Finally in 
the parotid of the dog, sympathetic excitation usually yields no secre- 
tion, but occasionally a few drops are obtained. In the cat, the 
_ sympathetic gives a copious secretion of parotid saliva. It will be seen 
from these examples that within certain limits, there are considerable 
differences in the effects produced in the glands, by the excitation of 
this nerve, as measured by the amount and character of the resulting 
secretion. Regarded as a vasomotor nerve, no such great differences 
are known to result on its stimulation. Hence we find differences in 
the actual secretion, on stimulation of the same nerve-at different times, 
and along with these differences there are differences in the electrical 
phenomena; the same nerve giving at one time a single variation, at 
other times a diphasic variation, or even a variation of opposite sign to 
the initial one. Further, as will be shown below, the differences in the 
electrical phenomena are clearly linked to differences in the character 
of the secretion. All the above facts point strongly against the conclu- 
_ sion, that the vasomotor effects are concerned in the production of the 
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electrical variations, Against the above view it might be urged, that 
what has been called the first phase, i.e. outer surface of gland negative 
to hilus, is not vasomotor, owing to the ease with which it is abolished 
by atropin; but that the second phase, ie. outer surface of gland 
positive to hilus, is due to these vasomotor changes. At first sight, 
there are a certain number of facts, apparently in favour of the view 
that this second phase is vasomotor. Thus this is the phase that 
occurs most often on sympathetic excitation in the dog, and this is the 
phase that is most refractory to atropin, requiring as much as 100 mgrms. 
sometimes to abolish it. Further in the dog, after 5—10 mgrms, of 
atropin have abolished the usual chorda variation, i.e. outer surface 
negative to hilus, a small second phase is seen, and it might be 
concluded that both here and on sympathetic excitation, this second 
phase was due to vasomotor effects. But a fact strongly militating 
against this conclusion, is found in the cat. In this animal this second 
phase, which is seen both on chorda and sympathetic excitation, is 
readily abolished by doses of atropin, only slightly larger than those 
necessary to abolish the chorda first phase in the dog; 20—40 mgrms. of 
atropin being sufficient in the cat, to completely abolish both first and 
second phase, in the case both of the chorda and of the sympathetic. 
Hence if we were to assume that the second phase was due to vaso- 
motor effects, we should have to suppose that these are more readily 
abolished by atropin in the cat, than they are in the dog: for which 
hypothesis there is no proof, whereas it is well known that atropin 
abolishes the secretion in the cat in smaller doses, than those required 
to do the same in the dog. In fact it is only in the case of the sympa- 
thetic of the dog, that it is at all probable, that the electrical phenomena 
- are due to vasomotor changes. However, when we consider that a varia- 
tion of similar sign is much more readily abolished in the cat than in 
the dog; that the secretory activity of this nerve in the dog, requires as 
much as 100 mgrms. of atropin to abolish it, and that this dose also 
abolishes the electrical phenomena; we can scarcely draw. any other 
conclusion, than that the electrical phenomena observed are not due to 
vasomotor changes. | 

We will now proceed to discuss the question, as to whether any of 
the electrical phenomena are due to phenomena grouped under heads 
3 and 4; that is to say, to the chemical or physical changes in the 
gland cells, that necessarily precede the flow of liquid, or to the flow of 
liquid itself. 
There is no doubt that some of the electrical phenomena are closely _ 
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connected with the flow of liquid, as was tentatively advanced in 
previous communications. Then the evidence was derived. almost 
exclusively from the submaxillary of the cat, now however this view 
is confirmed from an examination of the parotid, and from certain 
striking results obtained in the dog. It is however very difficult to 
decide whether the electrical changes are connected with the actual 
flow of liquid, or whether they are connected with the changes in the 
gland cells, that precede this flow. 

In the first place, it is well known, as shown by observations of 
Quincke’, that the movement of fluid through fine tubes, is capable of 
causing differences of potential. Again in Dionza’, the movement of 
fluid such as the imbibition of the water by cells, is no doubt largely 
concerned in producing the electrical phenomena observed. 3 

The relation mentioned above between the electrical variation ia 
the flow of secretion, is so close, that the observer at the galvanometer, 
can frequently from the inspection of the deflection say whether the 
excitation is producing a secretion or not. “In all cases, the excitation 
of a gland nerve, that produces an actual secretion of saliva, also causes 
the outer surface of the gland to become negative to the hilus, when 
the two surfaces are led off.” 

That this statement is correct is shown by the following facts. This 
effect is produced in the dog on excitation of the chorda, and of the 
tympanic plexus, in the case of the submaxillary and parotid glands 
respectively. In the cat, not only is it produced by stimulation of the 
same nerves, but also when the sympathetic is the nerve excited ; since 
in this animal this nerve causes a free secretion, both from the 
submaxillary and parotid glands. Hence it is only in the case of the 
sympathetic of the dog, that the nerve excitation is not followed by 
the above variation; and this nerve, as is well known, gives as a 


‘rule no secretion from the parotid, and but very little from the sub- 


maxillary. 

When the excitation of a gland nerve causes an actual secretion of 
saliva, and also causes the surface of the gland to become negative to 
the hilus, there may or may not be a second phase of opposite sign (the 
importance of which will be discussed below), but the first phase is 
always present. Finally, this first phase is readily abolished by 
atropin, and 80 is the secretion that accompanies it. 


1 Quincke, Pogg. Ann. 107, 1859 and 1860. 
2 Burdon Sanderson, Phil. Trans. 1882. Kunkél, Pfliiger’s Archiv xxv. 
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The following table illustrates the above facts, and gives the actual 
galvanometer deflections observed". 


Electrical Coil 
Animal} Gland | Nerve excited | | Saliva | | Dura- | Anaesthetic 
Sign |Amount tion 
Dog sub- chorda BS ac abundant | 50 mm.| 10” | chloroform 
maxillary scale 
t i ” 
| Dog | parotid | | | 95 | 4 drops |10mm.| 10” | chloroform 
Cat chorda, — | 360 | abundant | 80 mm.| 10” | chloroform 
Cat | parotid © | - | 100 | 2drops | 50 mm.| 10” chloroform 
sympathetic} | 40 scanty |80mm.| 10” | chloroform 
: tympanic , | chloroform 
Dog | parotid plexus — | 120 | 3drops |10mm.| 10’ ‘een 
sympathetic] + 40 none |50mm./| 10” | morphia 


As was mentioned above, the sympathetic of the dog yields as a 
rule a scanty and very viscid secretion of sub-maxillary saliva; the 
secretion being accompanied by the surface of the gland becoming 
positive to the hilus, but under certain circumstances, these are not the 
results that follow its excitation, This was particularly well observed 
in two cases, in two different dogs, In the first case the sympathetic 
was being stimulated, and was yielding as usual a scanty viscid secretion, 
accompanied by a variation, indicating the surface of the gland to 
become positive to the hilus. This variation, as is usual, was a slow 
one and was rather small ; suddenly the galvanometer indicated a large 
first phase, and coincidently with this, a rapid and copious secretion of 
watery saliva occurred. 

What the circumstances are that lead to this remarkable regult, are 
not known; but many observers have noted the fact, that occasionally 
this nerve yields, on excitation, a copious watery secretion instead of the 
usual scanty viscid secretion. 

The following table gives the results of the experiment quoted 
above. 


| 1 In the table the sign- means the surface of the gland negative to the hilus and the 
| sign + the surface positive to the hilus. 
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Dog. Chloroform and curare. 


Time Gland Nerve Saliva Dura- 
Sign | Amount | Strength] tion 
10.50 | parotid 6 drops 100 |10mm.} 10” 
chorda ‘copious — | off scale | 80 mm.| 10” 


itm: sympathetic | 1-2 drops viscid | + 50 80 mm.| 10” 


11.25 2 drops + 80 50:mm.} 10” 
(11.30 12 drops ) after | + —|+80 —off, 50 mm.| 10” 
11.35 ” ” 14 drops period + —|+50 —off ” ” 


In another experiment, the chorda tympani was excited at intervals 
of five minutes for an hour and a half, with the usual result, ie. a 
copious secretion, and a variation indicating the outer surface to become 
negative to the hilus. After this prolonged stimulation of the chorda, 
the sympathetic gave also, on excitation, a copious watery secretion ; in 
some instances as much as fifteen drops. This secretion only appeared 
after a very long latent period. During the latent period, an electrical 
effect of the usual sign was observed, i.e. outer surface positive to hilus, — 
but immediately the secretion began a large deflection of the opposite 
sign was obtained. After allowing the gland to rest for some time, 
excitation of the sympathetic failed to produce a watery secretion, and 
then the usual second phase was obtained. 

The results of these two experiments are particularly striking and 
conclusive with regard to the question, as to the relation existing 
between the character of the secretion and the sign of the variation, 
since the nerve in question usually gives neither a copious secretion nor 
a large first phase; but in these two instances both these results were 
obtained, thus showing that if one is not the actual cause of the other, 
yet they must be very closely connected. Further the same fact is more 
often seen in a less marked form; that is to say the sympathetic yields 
rather more secretion at some times than at others, and if this secretion 
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be not only more abundant, but also less viscid than normal, a diphasic vari- 
ation accompanies it, instead of one consisting of a second phase only. 

In the parotid of the dog similar phenomena, to these just described 
for the submaxillary of the same animal, are to be observed. Excitation 
of the sympathetic causes as a rule no actual secretion of parotid saliva, 
although it produces profound morphological changes in the gland cells. 
Occasionally however a slight secretion is obtained, as has been noticed 
by previous observers, particularly Langley’. This observer further 
noticed that it was only when an actual secretion was produced, that a 
_ Clear outer zone was developed ; this point is of importance with regard 

to the question, as to whether anabolic changes in the gland cells are 

accompanied by electrical variations. 

It will be seen from the following table, that when an actual 
secretion is produced on sympathetic excitation, the surface of the 
gland becomes negative to the hilus. : 


Dog. Parotid. Chloroform and morphia. Curare. 


12.35 none | 50mm. | 10” 
12.40 drops | 10 10” 

12.41 | 420 —60 1 drop | 10mm, 10" 
12.43 70 1 drop | 10mm. | 10" 
12.46 | sympathetic | drop | 40mm. | 10” 
12.49 sympathetic | drop 50mm. | 10” 
12.50 drops | 10mm. | 10” | 


‘Langley. This Journal, Vol. vi. Page 71. 
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The tympanic plexus was excited by electrodes thrust into the 
tympanum, through the bulla, and so the gland nerve was really only 
excited by the spreading of the current; hence the excitation was not 
_ really so strong, as it would seem from mere inspection of the table. 
The conditions are doubtful, which determine that excitation of the 
sympathetic, should cause a watery secretion from the sub-maxillary 
gland of the dog. This effect is apparently most readily obtained in an 
exhausted gland, as is well seen in the second experiment quoted above. 
In this case when the gland had been allowed to rest for some. time, this 
watery secretion was no longer obtained. In the case of the parotid 
also, it was only after repeated excitation of the tympanic plexus, that 
stimulation of the sympathetic caused the scanty secretion described 
above; so here too it is apparently a question of exhaustion. 

The fact, that in the sub-maxillary it was only after prolonged 
excitation of the chorda, that this effect was obtained on sympathetic 
excitation, seems to indicate that the effect is due rather to exhaustion 
of the gland cells, or of the peripheral nervous structures, than of the 
nerve fibres. It is difficult however to understand, how excitation of 


such a nerve as the sympathetic of the dog, supposing it to cofitain ~ : 


principally so-called trophic fibres, should produce such a copious 
secretion as fifteen drops. If it were merely a question of exhaustion 
of the gland cells, one would I think expect on excitation of such a 
nerve, either less secretion, or the same: amount as previously obtained 
but more watery in character. That is to say, that there should be a 
diminution either in the fluid portion, or in the solid of the secretion. 
On the contrary what is observed, is an actual increase in the amount. 
of the secretion, although there is a diminution in the amount of solids 
it contains. | 

Further, the effect is probably not due to exhaustion of the so-called 
trophic fibres present in the nerve, since it was the chorda or the 
tympanic plexus, that was stimulated previously, and thus if the effect 
is due to exhaustion, it is evidently not the fibres of the nerve 
stimulated that are exhausted. A fact that possibly may have an 
important bearing on the explanation, is that in all cases where the 
sympathetic produces this anomalous result, it is only after a very long 
latent period, much longer than the usual one. 

It might be urged, that the effect was simply due to exhaustion of 
the organic constituents of the saliva, and to the sympathetic containing 
secretory fibres, and so the effect would be due to the stimulation of 
these fibres. It seems to me however that this explanation will not 
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meet the case for many reasons. If the sympathetic contains these 
secretory fibres, there is no reason why the amount of the secretion 
should be so enormously increased as it is, and this explanation will not 
hold for the parotid; since normally no secretion is produced in this 
gland, on excitation of the sympathetic; further this will not account for 
the great length of the latent period. We cannot assume that the 
sympathetic of the dog contains two different sets of nerve fibres, 
because opposite effects are produced on stimulation of the same nerve, 
first in a resting gland, and secondly in a gland after prolonged 
stimulation of its cerebral nerve. We might assuine this if the observed 
effects were seen after prolonged stimulation of the sympathetic, but as 
just mentioned, it is after prolonged stimulation of the cerebral nerve ; 
that is to say, of the nerve that is considered to contain mostly so- 

called secretory fibres. It is possible that the differences expressed by 
_ the terms secretory and trophic nerve fibres, are differences in the 
peripheral connection of the nerve fibres with the gland structures, 
rather than actual differences in the nerve fibres; on this view different 
results might follow the excitation of the same nerve, owing to the 
effect of exhaustion, etc. on this peripheral mechanism. Be the 
explanation what it may, the fact remains, that if the sympathetic 
yields a copious secretion, this is accompanied by the variation, consist- 
ing of a first phase. 

In all the experiments performed by Mr Bayliss and seals and in 
those subsequently performed by myself, there was only one exception 
to the proposition mentioned above, ie. that a copious secretion is — 
accompanied by a variation, showing the surface of the 
gland to become negative to the hilus. In this case the sub- 
maxillary of the cat on chorda excitation, yielded a free secretion, but 
the outer surface became positive to the hilus. The usual effect in the 
cat is a diphasic variation of which the second phase is the larger; and 
the only explanation I can suggest, is, that in this case, this second 
phase being very large obscured the first phase. The converse of the 
above proposition is also true: that if on nerve excitation there is no 
actual secretion, the phase of the electrical variation indicating the 
surface of the gland to become negative to the hilus, is either absent or 
is extremely small, ie. 10—20 divisions of the galvanometer scale, and 
it is replaced by a second phase of opposite sign. When an extremely 
small first phase is present, it is probable that there is a slight amount 
of secretion, but too little to be detected by the eye. 

» Apparently from the above facts, we may conclude that a flow of 
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secretion is intimately connected with a certain definite electrical 
variation ; and it remains to attempt to determine, whether the former 


is the cause of the latter, or whether they are both results of some other — 


and antecedent process, , 

This first phase is probably due to one or more of the following three 
causes. 

_ A. The actual movement of the fluid through the cells and du 

B. The change in the gland cells, which presumably precedes the 
passage of fluid through them. 

C. The anabolic changes that are supposed by some observers to 
follow the excitation of secretory fibres. | 

With regard to these anabolic changes, it is undoubted that they 
follow the stimulation of certain of the gland nerves; and as mentioned 
above, Langley has seen a clear outer zone produced in the parotid by 
sympathetic stimulation, when this nerve caused an actual secretion 
from this gland; that is to say he has seen this zone produced in 
precisely those cases, where the excitation would have produced a 
variation consisting of a first phase. There is however a considerable 
mass of evidence tending to show, that the anabolic nerve fibres are 
distinct. from the secretory fibres of Heidenhain. Further, there is 
another much more important fact bearing upon this question,-and this 
is, that it is only after prolonged excitation of these gland nerves, that: 
these anabolic changes occur, whereas the electrical phenomena are at 
their maximum, at the beginning of an experiment, and gradually 
diminish pari passu with the exhaustion of the gland from prolonged 
excitation. Again, anabolic changes presumably proceed much more 
slowly than such katabolic phenomena, as the actual secretion of water ; 
and this first phase is very rapid in its course, its latent period being 
short. It is of course very difficult to demonstrate, that these anabolic 
changes are not the cause of the observed electrical phenomena, as we 
know so little of these anabolic changes; but the intimate manner in | 
which these electrical changes are connected with the flow of liquid, 
and further the fact, that the anabolic nerve fibres are probably distinct 
from secretory nerve fibres, seems to point decidedly against the view 
that the anabolic changes are the cause of the first phase. Because, as 
will be mentioned below, the second phase is probably due to the 
katabolic changes leading to the elaboration of the. constituents of the 
saliva, it by no means follows that the first phase, because it is of 
opposite sign, is due to anabolic changes. No doubt both the flow of 
liquid and the formation of mucin, etc. are to be classed as katabolic 
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changes; yet it does not follow that if they are both accompanied by 
electrical phenomena, these should necessarily be of the same sign. 
Hence I think we may conclude that at present, there is not sufficient 
evidence to show that the first phase is due to these anabolic changes ; 
whereas there is a very considerable mass of facts to show that it is con- 
nected with the flow of liquid. 

Finally with regard to the question, as to whether it accompanies 
or precedes this flow, there is much the same uncertainty, owing to the 
difficulty of estimating the latent period of the actual secretion. How- 
ever if the sub-maxillary duct is clamped, and the chorda excited, a large 
electrical effect is observed as usual, although the flow must be some- 
what impeded; and on removing the clamp after the excitation has ceased, 
although the saliva flows freely, no electrical change is observed. Again 
by making simultaneous observations of the rapidity of the flow of the 
saliva, and of the rapidity of the galvanometer deflection, it is found that 
the maximum of the galvanometer deflection is reached before the 
maximum of the salivary flow. It is obvious that neither of the above 
methods is above criticism ; but as far as they go, they serve to show 
that at any rate, the passage of the fluid through the ducts is not the 
cause of the electrical effects. Hence the first phase is due probably, 
either to the passage of the fluid part of the secretion through the walls 
of the alveoli, or to the changes in the gland structures, that follow the 
excitation of a secretory nerve and precede the actual flow. 

The'second phase remains to be accounted for. In the earlier part 
of this paper, it was shown that the vasomotor changes were in all pro- 
bability not the cause of the second phase. This second phase, as will be 
remembered, is best seen in the sympathetic of the dog, and least well 
seen in the chorda of the dog. In this latter case, it is generally only 
seen after the first phase has been abolished by atropin. In the cat it is 


_ generally present, both in the case of the sub-maxillary and the parotid. 


This second phase varies with the viscidity of the saliva, just as the first 
phase does with the amount ; this is particularly well seen in the sub- 


maxillary of the cat. It is more refractory to atropin than the first 


phase, requiring much the same doses to abolish it, as the so-called 


trophic fibres require to abolish their activity. Itis the usual variation 


seen in the parotid of the dog on sympathetic excitation ; so that from 
the above facts, we may conclude that it is due to the changes jn the 
gland cells, leading to the elaboration of the organic constituents of the 
saliva. 
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ON THE INFLUENCE OF GLYCERINE ON THE LIVER. 
By W. B. RANSOM, M.A., Fellow of Trinity College, Cambridge. 


THE substance glycerine has been made use of in investigating the 
glycogenic function of the liver in two sets of observations, both of 
_ which have met with general acceptance by physiologists, On the one 
hand the careful researches of Weiss” and Luchsinger™ have 
demonstrated an accumulation of glycogen in the liver as a consequence 
of glycerine as food; while on the other, the abnormally large output 
of sugar by the urine which can be produced experimentally in the 
laboratory has been found by Luchsinger® and Eckhard" to be, 
sometimes at least, prevented by the subcutaneous injection of glycerine. — 

In the former set of investigations Luchsinger found that sub- 
cutaneous injection of glycerine did not cause an increase of glycogen in 
the liver, and by this and other considerations disproved the view of 
Weiss that the increase of hepatic glycogen caused by glycerine as 
food is due to the oxidation of glycerine in the body saving the 
expenditure of the carbohydrates of the liver. In short, he has shewn 
that glycerine in order to cause such increase of glycogen must come in 
contact with the liver; and his own view is that the glycerine is 
directly converted into glycogen by the hepatic cells. 

From his experiments on the power of subcutaneously injected 
glycerine to restrain artificial diabetes, Luchsinger drew the conclusion 
that glycerine produces this effect by inhibiting the amylolytic action of 
the liver ferment. He supposed in fact that the injected glycerine 
reaches the liver, and there does not, as in the former experiments, 
become changed into glycogen, but acts on the ferment of the liver so as 
to prevent it turning glycogen into sugar. 

Eckhard, on repeating these experiments of Luchsinger, found 
that the latter’s statement of facts was too absolute, and asserted that, 
both in puncture diabetes and in that due to morphia poisoning, the 
subcutaneously injected glycerine was only occasionally able to prevent 
glycosuria. He also attached considerable importance to the haemo- 
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globinuria caused by the glycerine, and considered that the whole 
condition of the animals (rabbits) was so complex and abnormal, that no 
definite conclusion could be drawn as to a restraining influence of 
glycerine on the liver ferment. 

’ So the matter seems to have rested; the peculiarity of the two 
explanations offered by Luchsinger has remained unnoticed; and the — 
two series of phenomena appear to have been always considered apart. 

- To consider them ne to ascertain their mutual relations, is the 
of this paper. 

If glycerine prevents artificial diabetes by its action on the liver, it 
will not be remarkable that when subcutaneously injected the action is 
uncertain and slight, as Eckhard observed, since it must then reach 
the liver but slowly and in small quantity; and it may be reasonably 
supposed that when the drug is allowed to reach the liver in larger 
quantity the action will be more certain and prompt. 

I therefore arranged experiments to discover whether glycerine 
introduced into the alimentary canal could check artificial glycosuria, 
and whether the check if present was more distinct than when the drug 
was injected under the skin. It was hoped that at the same time light 
would be thrown on the action of glycerine in increasing the glycogen 
of the liver. 

My first observations were made on the so-called “poison diabetes” : 


Le. that the glycosuria produced by the action of drugs; but it became 


soon apparent that the intensity of the glycosuria thus caused was too 
slight to allow of very certain conclusions being drawn. The production 
of glycosuria by puiicture of the medulla was therefore resorted to, and 
with more marked results. I give however some specimens of the first 
set of experiments, since all of these pointed in one direction, and by 
the uniformity of result in some degree have value, although not 
quantitative. 

The animals observed were rabbits: two being used in each ex- 
periment. Before an experiment the two animals were fed for at least 
a week on the same diet, and for a day or two previously their urine was 
tested for sugar. The food, which was always plentiful, consisted mainly 
of corn, bread and lettuce, with a little cabbage and occasionally cane- 
sugar. The water-trough was always kept full. Each rabbit was kept 
in @ cage 80 ‘constructed as to collect the urine separately from the 
feeces, 

Glycosuria was produced by deme of morphia hydrochlorate given 
“per os,” and by inhalations of — nitrite. The effects produced by 
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morphia thus introduced into the alimentary canal differed considerably 
_ from those obtained by Eckhard after injection into the veins. He 
found that 0°06 grm. morphia sulphate thus injected was sufficient 
to produce glycosuria, as a rule accompanied by polyuria, in 1—2 hours. 
I began with a dose of 004grm. morphia hydrochlorate, but found 
the effect so slight that the dose was gradually increased up to 0°2 grm. 
And although glycosuria was obtained, there was never any polyuria, 
but almost invariably diminution in the flow of urine. 
_ The effects of amyl nitrite. were very different. Sugar indeed 
appeared in the urine, but so great was the increase of water excreted 
that the specific gravity of the urine frequently descended from 1025 to 
1015, and the excessive polyuria even sometimes made the sugar difficult 
of detection. 


TABLE I. 
|, | ne ot | mani | o | 
9,30 a.m. { A | 100ce. reduc. 
night's urine B 100 cc. tion 
10 a.m. 
gave to B 0°15 zB none all | 
grm. morphia day 
hydrochlorate 
| 10.30 a.m. 
bpm. 
B 1 min, amyl | 
nitrite 
A left normal | A 
10 a.m. no reduc- | 
| night’s urine A 70 tion 1025 
July 11) 10 a.m. 
night’s urine B | 120 yellow pp. | 1025 
8 p.m. slight yel- | 
P B | 150ce. |* 
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Still each drug was found to produce distinct glycosuria, and the 
difficulties incidental to each were sometimes diminished by using them 
together. 

The amyl nitrite was given in the form of Martindale’s capsules 
(containing 1, 2, or 3 minims), one of which was broken in an 
india-rubber bag tied over the head of the animal. 

The glycerine was passed down the throat in a 50°/, aqueous 
solution. In no case was there any haemoglobinuria or other disturbance 
such as follows subcutaneous injection, 

In all experiments the urine was tested for proteids, mucus and urates 
before searching for sugar with the Fehling’s solution, The reaction of 
the urine could be varied at will by changes in the proportion of green 
food. 

I first give an experiment (Table I.) showing the production of glyco- 
suria and polyuria by the action of morphia and nitrite of amyl together. 

In this case the urine of B passed in the night following the day of 


administration of drugs contained a considerable amount of sugar ; 


but by the evening of the second day the effect had nearly passed off. 

In another experiment B was made to inhale amyl nitrite daily 
(1—2 minims) for five days, and then given 0°15 grm. morphia hydrochlor., 
the result being a slight glycosuria, which lasted eight days. On 
the eighth day 30 c.c. glycerine (50°/,) were given “per os,” and .three 
hours later the urine was free from sugar. A subsequent dose of 0°2 grm. 
morphia hydrochlor. and of 2 min. amyl nitrite, then failed to bring back 
the sugar. | 

Table IT. gives an experiment in which a previously caused glycosuria - 
was stopped by glycerine, and a subsequent administration of morphia 
and amyl nitrite rendered inoperative. 

Table II. shews that in the case of rabbit D glycerine prevented 
either morphia or amyl nitrite causing glycosuria, and checked the 
glycosuria previously present. The same doses of morphia and amyl 
nitrite given to C caused a marked glycosuria. 

The hydruria due to amyl nitrite is visible in each case, 

In all my experiments with “poison-diabetes” glycerine acted more 
or less markedly in the same way. 

In the experiments on glycosuria produced by puncture of the 
medulla oblongata, care was taken to use rabbits in as nearly as possible 
like conditions as regards nutrition, and the glycerine-rabbit and 
control-rabbit received similar food for some days before the experiment. 
The urine was collected in the hutches already described and also 
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obtained at desired times by squeezing the lower part of the abdomen. 
As the number of the experiments was limited to twelve, they were 
all conducted in precisely the same manner: viz—Glycerine was 
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TABLE IL. 
tity of | Specific | Action on 
Date | Rabbit | Dose and time of drug] Time of analysis | | 
July 22| C 10 a.m. and 180 cc. | 1020 | no reduc- 
7 p.m. | tion 
» | D | had amyl nitrite 110 cc. | 1015 | yellow pp. 
on July 21 and | 
| 1030 
July 23} C 10 a.m. urine lost 
50 cc. | 1020 | yellow pp. 
10am. gave D | 
30 c.c. of glycerine ae 
(50"/,) 
” D 2 p.m. 30 c.c. | 1020 | no reduc- 
. tion 
2 p.m. gave C and 
D 0-2 grms. morph. 
hydro. 
July 24; C 9.30 a.m. 100¢.c. | 1020 | copious 
orange pp. 
” D 9.45 a.m. 80cc. | 1020 | no reduc- 
tion 
10am. gave D 
30 c.c. of glycerine 
(50"/,) 
1.30 p.m. gave C 
and D 2 min. amyl 
nitrite 
July 25; © 9.30a.m. and | 300cc. | 1015 | yellow pp. 
6.30 p.m. 
D 9.30 a.m. and | 270c.c. | 1015 | no reduc- 
tion 


7 p.m. 
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administered before the puncture to one rabbit, and another animal was 
punctured about the same time without having had glycerine. 

The operation was performed after Eckhard’s method, which in 
accuracy and facility is superior to that preferred by Bernard. The 
animal being anaesthetized by the injection of about 0°5 grm. chloral 
hydrate into the rectum, the muscles of the back of the neck were _ 
dissected aside, the occipito-atloid membrane was exposed and cut open, 
and the fourth ventricle being thus made visible was punctured at the 
desired spot. 

In each experiment the ‘aisiehas was made as nearly as seeithie i in 
the same place in the glycerine and in the control-rabbit, and in ten out 
of the twelve medullas punctured a careful microscopical examination 
was made of the lesion. In the first two experiments, owing to a fear of 
making too severe a lesion, the results were not sufficiently marked for 
quantitative anal ysis; but later on I found it quite possible to produce a — 
more extensive injury without causing death, and obtained accordingly — 
better results. The instrument used was that devised by Bernard, 
consisting of a small chisel-like blade with a prong projecting from the 
middle of the cutting edge. I may mention here that I never observed 
the convulsions and forced movements which, according to Bernard, 
occur so frequently when the puncture has been made through the 
occipital bone and cerebellum. The greatest motor disturbance met 
with was a certain amount of paralysis of the limbs when the anterior 
pyramids were reached by the lesion. As a rule, the animal recovered 
to a considerable extent from the operation—in one or two cases ~ 
sufficiently so to eat,—and in one case only did death ensue, 24hours . 
after the operation. The antiseptic precautions observed probably 
accounted for the success of this method of operation being greater than 
Bernard found it. 

Sugar appeared in the urine within two hours after the operation, and 
was frequently to be still detected after the lapse of twenty-four hours. 
In my experiments the glycosuria therefore lasted longer than in those 
of Bernard, who gives five or six hours as the average duration. 

The glycerine was given in a 50°/, aqueous solution. _ 

The following are the details of the experiments’. 

In all cases, A = control rabbit, B = glycerine rabbit. 


1 Since chloral on Fehling’s solution, care was taken immediately after the 
operation to squeeze out as far as possible the contents of the rectum, and half-an-hour 
was allowed to elapse before returning the animal to the cage. During this time a further 
evacuation of feces almost always occurred, and it may be considered practically certain — 
that no unabsorbed chloral got into the urine of the following hours. 
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DIABETES AND GLYCERINE. 111 
The results of these experiments may be summarized as follows :— 


Experiment | Maximum sugar in A. | Maximum sugar in B, | Ratio of sngar in 

| L [No urine obtained] | No sugar 

II. Not estimated, but No sugar 
considerable 

III. 1-5", 0-1°), 18 

IV. 0:5°/, 

¥: Not estimated, but | No sugar | 
considerable 

Vi, 20 


This table shews that, excluding the imperfect first experiment, in 
each case the puncture produced a distinct glycosuria in the control- 
rabbit, and either none or a very much less intense glycosuria in that to 
which glycerine had been previously given; and, even in the first 
experiment, the urine found in the bladder of rabbit A after death 
reduced Fehling’s solution, while no reduction could be obtained from 
the urine of B. : 

The microscopical examination of the spots punctured shew, that 
while precise identity of lesion in A and B was not obtained in each 
experiment, yet the injured areas corresponded fairly in each case ; and 
if we compare the lesions in all the A rabbits with those of the B set we 
find that the same areas have been destroyed in the two groups. If the 
injuries were at all more extensive in one group than in the other, it 
was in the B group that the slight excess occurred. 

So that deficient or misplaced lesion cannot be considered the cause 
of the difference in glycosuria’. i | 


1 The most efficacious spot for puncture would seem to be the extreme lower end of the 
4th: ventricle, as is seen in vi, a. where 5°/, sugar appeared in the urine without 
albuminuria, except a trace after 24 hours. None of the punctures produced polyuria, and 
there was no evidence of the existence of a localized region for the production of 
albuminuria ; for in the two cases in which albuminuria was absent, one lesion was con- 
fined to the level of the lower half of the olives (v1, A), while the other extended from the 
lower end of the olives to the level of the nucleus of the vmith nerve (v. B), The albumin 
in one case (v1. B) was remarkable in being precipitated on neutralization with acetic acid 
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. The experiments rather point to the view that the glycerine has in 
some way or other checked the output of sugar ; and that it has done so — 
by some action on the liver is probable from the following analyses made 
of the ‘livers in Expts. TIT. and IV. 


Euper iment. The rabbit was killed, and the liver rapidly excised, 
weighed, chopped and thrown into boiling water. The time that elapsed 
between the death of the rabbit and the plunging of the liver into boiling — 
water was 3—5 mins. After boiling for 10 mins. the liver was taken out, 
pounded with sand and then put back again into water and boiled for an 
hour. The water was then filtered off, and the residue again extracted 
with boiling water. This process was repeated until specimens tested did 
not alter Fehling’s solution. A portion of the whole aqueous extract was 
then evaporated to dryness, the residue extracted with boiling alcohol ) 
(90°/,) and the alcohol filtered while hot. The filtrate was evaporated 
to dryness, the residue dissolved in water and the epuaih estimated in the 
extract. by Fehling’s 


| Wisetinent Sugar in liver A. | Sugar in liver B. 


0-125%, 
AN, 0-47"), 02", 


In each case the liver of the glycerine rabbit’ contained less sugar 

than that of the control animal. 
- Ié would therefore appear that the process of sugar + ‘Seimei in 
the liver has been checked by the glycerine, and that consequently 
puncture of the medulla was unable to produce glycosuria, Of the 
method by which glycerine inhibits the sugar-forming process of the 
liver we can hardly venture to speak, inasmuch as the Gature of that 
process itself is at present involved in obscurity. — 

The old idea of a ferment transforming glycogen into sugar has 
little but theory whereon to rest; and, on the other hand, it has 
been shewn by various observers (Seegen™, Eves) that no such 
ferment can be extracted from the liver in larger quantity than from 
any other tissue of the body. And the progress of cell-physiology, and 


but redissolved by excess. The faintly acid solution coagulated on boiling. Nitric acid 
gave a white precipitate which dissolved on heating and returned on cooling. This 
albumin thus bore considerable resemblance to Hemialbumose. 
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_of our knowledge of the hepatic cell in particular, daily calls in 
question the assumptions of such a theory. We know of no other 
cells in the body in which the vital metabolism is thus subordinated 
to a.chemical action of the blood, In the case of salivary glands, 
where it is possible to separate the two factors, it is an ascertained 
fact that the secretory action of the cell protoplasm, though aided by 
blood ‘supply, is an independent process ; and we do not suppose 
that the pepsinogen of the gastric cells is either formed or transformed 
into pepsin by any other means than the active metabolism of the 
cell protoplasm. The ferment theory in fact makes the blood the 
master instead of the servant of the cell; it reduces hepatic dis- 
turbances to mere consequences of vascular changes, and is oblivious 
of nervous action on gland cells and of fundamental properties of 
gland protoplasm. The formation of glycogen is admittedly due to 
cell activity, and we cannot assume, without direct evidence, that 
the formation of sugar is not so. It has been long known as a 
pathological fact that sugar may be formed on a diet free from 
carbohydrates, and the researches of Seegen™ have now established 
the further fact that in normal animals (dogs) the quantity of sugar 
in the hepatic vein remains remarkably constant, even when. carbo- 
hydrates are entirely excluded from, the food and the glycogen of the 
liver has sunk almost to nil. The ferment-theory will with difficulty 
explain this fact. And even in the post-mortem changes in the liver, — 
when, according to Pavy the full force of the ferment breaks out, 

we meet with difficulties to the view. It is chiefly to Seegen™ that 
we owe our new knowledge of these changes. Firstly, it is to be 
noticed that the increase in the liver sugar is greatest in the first 
hour after death, and falls off rapidly after the first few hours: 
Secondly, that, in some animals at least, the increase in the sugar 
is by no means attended by a corresponding decrease in the glycogen 
of the liver. Thirdly, that the carbohydrates of the liver may actually 
increase after death. These facts suggest very strongly that there 
may be in the liver some continuation of vital action after death of 
the animal, and that, so far from the processes in the liver cell being 
totally changed more rapidly than those of any other tissue in the 
body, these processes may possibly continue rather longer than in 
some of the tissues, The fact. that the secretion of bile catgo on 
for two hours after death, if blood be supplied to the liver, increases 
the probability of this view. Seegen is so much impressed with the 
fact that the post-mortem sugar-formation does not always go with 
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a decrease in glycogen that he infers that sugar is not formed from 
glycogen at all; but his results by no means exclude the possibility of 
glycogen being a mesostate substance in the formation of sugar. In 
fact they rather support this idea, We may suppose that in these 
eases the cells continue to make glycogen as fast as they turn it into 
sugar, just as in Triton cristatus the gastric cells form granules in 
the periphery as fast as they are turned out of the cell and thus 
prevent the formation of zones such as occur in Triton taeniatus and 
other animals; while in the rabbit—where the decrease of glycogen 
is more marked—we may suppose the first age unable to keep pace 
with the second stage of the sugar-forming process’. 

The possibility of the continuance of vital processes after death 
led me to investigate the action of glycerine on the post-mortem 
formation of sugar; and the single experiment as yet done gave a 
marked result. 


ExpPERIMENT. Two rabbits were taken, A and B. 

To B was given 40 c.c. of 50°/, glycerine, two hours before killing. Both 
rabbits were decapitated, the livers weighed and Jeft to stand for an hour in 
a room at 20°C, 


The sugar was then estimated 3 in each, / 
nin of in liver of A = 2°/, 
” ” B=07 "le 


From which it would iiioeae that the post-mortem formation of sugar | is 
checked by glycerine. 


Luchsinger™ records a similar experiment in which glycerine was 
injected under the skin of a rabbit an hour before death, and the 


corpse kept at a temperature of 30°C. for ten hours. The liver 


was then found to contain 0°97 grms. glycogen, but only a trace of 
sugar. 

It is certainly improbable that glycerine would produce identically 
the same result in one way during life, and in another immediately after 
the death of the animal; so that these experiments afford additional 
support to the view that the changes in the liver during the first hour 
after death to some extent resemble those of life. 

If it be granted that glycerine may act on the liver cell so as to 
inhibit the transformation of glycogen into sugar, it becomes at once 


1 A fact of weight on behalf of the view that glycogen is converted normally into sugar, 
not fat, is the observation of Kiilz (Pfliiger’s Arch. Bd. 24) that a few hours’ exercise 
causes a greater reduction of the hepatie glycogen than days of starvation. 
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obvious that it may lead to an accumulation of glycogen in the liver 
without being itself transformed into that substance. The first stage of 
sugar formation continues, while the second is stopped. Hence arrives 
an accumulation of the mesostate material. The same reason which 
made the subcutaneous injection of glycerine by Luchsinger and 
Eckhard frequently inefficient in checking glycosuria also prevented a 
noticeable increase in the hepatic glycogen. The glycerine thus 
administered did not reach the liver in sufficient quantity.. But by the 
introduction of glycerine into the alimentary canal both effects become 
visible: there is a measurable 1 increase in the glycogen and a — 
decrease in the sugar. 

The fact that the increase of glycogen caused by chicieinins as Siok is 
much smaller than that following carbohydrate food may perhaps be 
noticed as supporting this view of its action. Nevertheless, although 
glycerine is the only non-carbohydrate substance which has been 
demonstrated to increase the glycogen of the liver, it would be by no 
means safe to argue that it cannot also do so: by being itself transformed 
into glycogen. If it be true that glycogen is a stage in the formation of 
sugar, and if it be true that the liver continues to manufacture sugar on 
a purely proteid or fatty diet, we must allow that glycogen can be 
produced from fats and proteids’. It-is however certain that in the 
normal animal very little glycogen i is. deposited in the liver during such 
a diet, and it is probable that in this case the liver is able to do little 
beyond preparing the carbohydrates needed for the immediate use of the 
body, and can therefore deposit but little surplus. 

After a carbohydrate meal, on the other hand, the surplus is eve 
and the deposit of glycogen marked. That only one non-amyloid 
substance should cause a similar deposit, is certainly remarkable, and 
suggests the possibility of some action beyond that of food. The 
experiments on artificial diabetes offer an explanation of this action. 
These experiments tend to shew: 


(1) That certain forms of glycosuria may be checked by glycerine. 


(2) ‘That glycerine acts more efficiently when introduced into the 
alimentary canal than when injected subcutaneously. 


(3) That glycerine checks glycosuria by inhibiting the Stations of 
sugar in the liver. 


1 The researches of Rodhmann (Pfliiger’s Archiv, Bd. 89, 1) shewing the action of 
amido-compounds in aiding the formation of glycogen, strikingly indicate the complexity 
of the processes by which the liver forms carbohydrates. 
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116 W. B. RANSOM. 
_ (4) That in this way glycerine may lead indirectly to an accumula- 
tion of glycogen in the liver. 

Viewing the formation both of glycogen and sugar as a process of 
cell metabolism, quite independent of ferment action, I am unable to 
suppose that glycerine produces its effect by acting on a ferment in the 
blood, but consider it probable that it exercises some direct influence on _ 
the protoplasm of the liver cells. | 

Of a possible therapeutic use of glycerine in diabetes mellitus I am 
not now in a position to speak. The reports of clinical observers are 
very various, and my own observations are as yet too few to form a basis 
for definite conclusions. 


LITERATURE. 
(1) S&S. Weiss. Wien Sitzb. Bd. 67, Abth. 111. 1873, 
(2) B Luchsinger. Pfliger’s Archiv, Bd. vit. 1874. 
(3) B. Luchsinger. Pfliiger’s Archiv, Bd. x1. 1875. 
(4) ©. Eckhard. Beitrage eur Anat. u. Physiol. Ba, vitt. 1879. 
(5) Séegen u. Kratschmer. Pfliiger’s Archiv, Bd. xiv. 
(6) F. Eves. Journ, of Physiol. Vol. v. 1885. 
(7) Seegen. Pfliiger’s Archiv, Bd. 37, 1885, and Bd. 39, 1886. 


(8) Seegen u. Kratschmer. Pfliiger’s Archiv, Bd. 22, 1880, and 
Bd, 24, 1881 Bad. 40, 1886. 


2" 
bed 
ow 
“oe 
BS 
a 
& 
‘a 
a 
Ne 
¢ 
4 
wy 
‘ 
4 
Li 
ow 
om Ba 


ON THE ACTION OF CERTAIN DRUGS ON THE 
CIRCULATION AND SECRETION OF THE KIDNEY: 
By C. D. F. PHILLIPS, MD, FRSE, anv J. ROSE 
BRADFORD, BSc. M.R.CS. (Plates IV. V.) 


(From the Physiological Laboratory of University College, London.) 


THE action of diuretics being but little understood, it occurred to us 
that it might be well to investigate the subject from a different stand- 
point to that usually adopted. Most observers have attempted to decide 
the question by simply investigating the general blood-pressure on the 
one hand, and the amount of urine secreted on the other, and from these 
two sets of observations have deduced the action of the drug on the 
renal circulation. It is obvious, however, that there are several sources 
of error in this method. Jn the first place it does not follow, because a 
given drug causes a rise of blood-pressure, due to peripheral constriction, 
that the renal vessels participate in this constriction; and secondly, 
although an increase in the flow of urine generally indicates a dilated _ 
condition of the renal vessels, yet this is not always the case. So that if 
we were to draw conclusions from the general blood-pressure, and from 
the urinary flow, as to the condition of the renal vessels, we might be 
led into error. To obviate this, we determined to investigate the action 
of drugs on the kidney circulation directly, by means of Roy’s renal 
plethysmograph or oncometer, an instrument capable of detecting very 
slight changes in the volume of the kidney, and already used by Roy‘ 
for this purpose, but only with reference to a few drugs, and these 
mostly inorganic salts. At first we had intended to confine ourselves to 
this, but we soon saw that it was difficult to interpret the results, unless 
the general blood-pressure was measured at the same time. Finally, to 
complete the experiment, the rate of the urinary secretion was estimated 


1 Roy. Virchow Archiv. 1883; Proc. Camb. Philosoph. Soe. Vol. tv. p. 110. 
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in the manner described below. A complete experiment thus gave the 
results of the action of any given drug upon: 

1. The general blood-pressure. 

2. The renal circulation (as measured by changes in the volume of © 
the kidney), | 

3. The renal secretion. | 

The general method of experimentation was shortly as follows, The 
animal (generally a dog or cat, but sometimes a rabbit) having been 
anaesthetized with chloroform, a cannula was placed in the external 
jugular vein, as a rule, but occasionally in the femoral vein instead. 

Tracheotomy was then performed, the animal curarized and artificial 
respiration kept up, the air being blown through a vessel containing 
chloroform. In our earlier experiments the animals were not curarized, 
- but the results then were not so satisfactory, as it is then difficult to 
maintain such a constant degree of anaesthesia as is possible when the 
respired air is blown through chloroform. Under chloroform and curare 
it is easy to maintain both the blood-pressure and the volume of the 
kidney perfectly constant, and this is almost impossible when the 
anaesthetic is administered intermittently. 

The carotid artery on one side was then exposed, and prepared i in 
the usual manner for blood-pressure experiments. Sometimes a Fick’s 
C-spring manometer was used, sometimes a mercurial, the former being 
more adapted to investigate the action of the drug on the heart, the 
latter the action on the general blood-pressure. 

_ The kidney was then exposed by a lumbar incision, the peritoneum 
not being opened if possible; this is very easy in rabbits, but in dogs and 
cats it is difficult to avoid injuring this membrane. In separating the 
kidney from the perinephritic fat it is very essential to do it earefully, 
so as to avoid any haemorrhage from the branches of the lumbar 
arteries entering the cortex ; otherwise haemorrhage into the oncometer 
is liable to occur, simulating an expansion of the kidney. Finally a 
silver cannula was tied in the ureter. The kidney was then placed in 
the oncometer, this having previously been warmed, and filled with a 
suitable quantity of warmed oil; the oncometer was then connected with 
the recording instrument, the oncograph. A detailed description of 
these instruments is given in Roy’s paper, and it need only be said here, 
that the oncometer is an instrument filled with oil, devised in such 
a manner that, when the kidney is placed in it, there is no escape of oil ; 
thus any change in the volume of the kidney causes a movement of this 
oil, which is registered by the lever of the oncograph. The rate of flow 
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of the urine was recorded in the following manner; a long straw lever 
with a plate of aluminium at one end, and at the other an arrangement — 
for making and breaking a circuit, was arranged in such a way that each 
drop of urine, as it fell on the aluminium plate, broke this circuit, which, 
passing through an electro-magnetic arrangement, made a mark on the 
recording surface. A Hering kymograph was used, as with this very 
convenient instrument a considerable length of recording surface is 
available. In a complete experiment, the blood-pressure, the volume of 
the kidney, and each drop of urine are recorded simultaneously: below 
these a time trace and also the moment of injection of the drug were 
marked. 

_ The principal difficulty of the experiment is the arrangement of the 
oncometer and of the cannula in the ureter in such a way that neither 
the flow through the renal vessels, nor the outflow through the ureter, 
should be obstructed. With a little practice, however, this is quite — 
possible, and further by inspection of the trace it is quite possible to 
detect anything wrong, as the kidney ought to maintain a practically 
constant volume; whereas if the ureter is kinked, it is continually 
expanding, and if the renal artery is obstructed, the trace becomes 
irregular. The kidney was always examined at the end of an experiment, 
to see whether there was any distension of the pelvis, or any haemor- 
rhage into the oncometer, but the latter accident never happens, if the 
kidney is prepared with due care. 

In all blood-pressure experiments, it is very al to have the 
blood clot in the cannula; this used to happen occasionally, when we — 
used carbonate of soda in the pressure bottle, but latterly we always 
used a half-saturated solution of sodium or magnesium sulphate, 
generally the latter, and with this experiments have frequently been 
carried on for four hours, without any clotting or any hitch whatever. 

At Dr Ringer’s suggestion (to whom our best thanks are due for 
much valuable adyice on many occasions), we began our work with 
eaffein, as this is one of the most certain, if not the most active diuretic 
we possess. The salt used was the citrate, and as a rule fresh solutions 
were sires for each experiment. 


1. Aetion of Citrate of Caffein on the general Blood-pressure when 
the animal is under Chloroform and Curare.” 


As there seemed to be some doubt concerning the action of caffein 
10—2 
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on the general blood-pressure’, it seemed advisable to ‘investigate this 
first, although the subsequent results obtained on the kidney and 
spleen’ threw considerable light on the larger question. In the method 
employed, i.e. the injection of the drug into a vein, there is an obvious 
source of error in that there is an immediate effect produced on the 
heart. This effect is due comparatively speaking to a large dose. The 
solution of the drug then becomes diluted by the blood, and acts on the 
vasomotor system generally, in this more or less diluted condition. 
Possibly it is partly due to this and partly to the fact that different 
observers have worked on curarized animals, and others on anaesthetized 


animals non-curarized, that there is some contradiction with regard to 


this drug. For this reason, all our experiments were performed as 
rigorously as possible under the same conditions, _ the results 
cbtained were perfectly uniform. 

Figs. 1 and 2, Plate IV., show the results that follow the injection 
of a small dose, e.g. ‘25 grains of caffein citrate, into the external jugular 
vein in the rabbit and cat respectively. There is an immediate but 
slight fall of pressure, followed by a rise that is always comparatively 
slight ahd of short duration, and then the blood-pressure curve returns 
to its normal height. The fall of pressure is always produced unless the 
dose is very small indeed, and then it can scarcely be detected. The 
subsequent rise on the other hand is by no means always present, and 
when present it is of shorter duration and not so great in amount as the 
fall. In a larger animal, such as a medium-sized dog, e.g. 26 Ibs. in 
weight, such a dose as that mentioned, or even twice as much, produces 
scarcely any effect on the general blood-pressure, although as will be 
mentioned below the effects of such a dose on the visceral circulation 
are well marked. On increasing the dose, however, the results described 
above are obtained, a fall succeeded by an occasional rise. 

On inspection of the curves it will be seen that the fall is cardiac, 
and not due to any alteration in the peripheral circulation. Immediately 
after the injection the heart beats diminish in foree, 8 as is well seen in 
Fig. 2. 

Along with this diminution in ie a slight i increase in the rate is 
frequently to be detected, and if the dose injected be greater, ie. half a 
grain, this acceleration becomes more marked, as is seen in Fig. 3. 

Soon these effects pass off, and the heart beats become increased in 


1 Compare Wood. Therapeutics, p. 217. 
8 The.aetion of the drug on the spleen Was determined with a spleen onconieter. 
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force and slowed in rate, and then the general pressure rises slightly 
above the normal, as is seen in Fig. 2. 

This increased force and diminished rate are very characteristic, but 
like the previous effects do not last long, and the trace soon returns to 
its normal character. Sometimes, however, this period of inhibition is 
followed by a slight acceleration, but this latter effect is not constant. 

The above phenomena are much more easily seen when the blood-’ 
pressure is investigated by means of a C-spring manometer than when 
a mercurial manometer is used. With the latter instrument effects of 
small doses readily detected with the former instrument are frequently 
missed, 

The transitory fall of pressure witnessed after the injection of citrate 
of caffein is thus due to a diminution in the force of the cardiac beats, 
This will be more readily accepted when, as will be shown below, it is 
seen that while the drug is producing this cardiac effect it causes the 
peripheral arterioles to =~ which per se would tend to raise 
arterial tension. 

After section of both vagi, citrate of caffein still produces a fall of 
pressure, and this fall, if anything, is greater than the similar fall 
produced by the drug prior to the division of these nerves. Fig. 4. 

We have, however, been unable to satisfy ourselves that the drug 
produces acceleration of the heart after section of the vagi, nor have we 
seen that marked increase of force which is so well seen in Fig, 2 after 
this operation. 

Hence, after section of the vagi, the effects of this drug on the . 
general blood-pressure are more simple, in that there is a fall of 
pressure due to a diminution in the force of the cardiac beats, This fall 
is more prolonged and frequently greater than the fall produced by the 
same dose prior to section of these nerves. The heart beats gradually 
increase again in force, and the arterial pressure regains its former 
height, but we have not observed any increase of pressure, nor any 
increase either in the force or the rate of the cardiac beats after section 
of the vagi. We have performed experiments on six different animals 
with regard to this point. 

Thus, to sum up the effects of caffein citrate on the sonaiad blood- 
pressure: there is firstly a diminution in the force of the heart beats, 
with either a slight acceleration of the rhythm, or this is unaffected ; 
secondly an increase in the force of the heart and a distinct slowing of 
the rhythm, occasionally this is followed by a slight but persistent 
acceleration. During the first stage there is a fall of arterial pressure, 
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which regains, or may slightly exceed, its normal height during the. 
~ second stage. The results described above as occurring after section of 


the vagi, may possibly be interpreted as due to caffein, acting both on 
the cardiac muscle and on the vagus centre in the medulla; the first 
effect, i.e. the diminution of the cardiac beats, being due to the former, 


‘and the inhibition phenomena to the action of the drug on the medulla; 


hence their absence after section of the vagi. 


2. Action of Citrate of Caffein on the Renal Circulation and 

This account of the action of caffein on the general blood-pressure 
seemed necessary before going on to its action on the kidney. When 
the kidney is placed in the oncometer, filled with warm oil, and 
the latter is connected to the recording apparatus, it will be found that 
the curve obtained is practically identical with the carotid blood- 
pressure curve recorded simultaneously. If no drug be administered, 
and the observation goes on under precisely similar conditions as 
regards the amount of chloroform administered etc., it will be found that 
the volume of the kidney remains practically constant, so that the curve 
obtained remains parallel to the blood-pressure curve. When Traube- 
Hering curves are present, it will be seen, as shown by Roy, that for — 
each Traube curve there is a contraction of the kidney, as shown by the © 
fall of the liver of the oncograph. From a pharmacological point of 
view it is very essential that the volume of the kidney should remain 
constant, as any sudden spontaneous fluctuations would interfere with 
the interpretation of the action of any given drug. It will be found, 
however, that if too much chloroform be administered, or if in the 
preparation of the kidney due care has not been taken, so that there is 
haemorrhage from the kidney into the oncometer, the kidney trace no 
longer shows this regularity, but its course is interrupted by great 
fluctuations, interfering with the progress of the experiment. As shown 
by Roy, the placing of the kidney under these abnormal conditions 
does not interfere so much as would be expected with its functions. 
Frequently, however, if the kidney has been handled too freely, no urine 
will be secreted for some time, or what is secreted is bloody. In a short 
time this will pass off, and the urinary flow recommence; it is quite 
possible, however, by handling the kidney gently and as little as possible, 
to place it in the warmed oncometer, without in any way apparently 
interfering with the free secretion of urine. Care must also be taken in 
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arranging the cannula, that the ureter is not obstructed where it : 


emerges from the oncometer. Finally, one other precaution must :be 
taken, and that is that enough air be supplied to the animal from the 
artificial respiration apparatus, as nothing except an overdose of 
chloroform interferes more with the urinary secretion than a defective 
amount of air. It is remarkable how much more readily the urinary 
secretion is affected, than the actual circulation in the kidney, by any- 
thing like the above; the actual secretion being arrested, whilst the 
circulation is apparently going on perfectly well. 


If when the urinary secretion is going on freely, and the kidney trace 


is normal, half a grain of citrate of caffein be injected into a vein, the 
following changes occur: the kidney after a variable latent period, 
usually a few seconds, diminishes in volume, as shown by a sudden fall 
_ of the lever of the oncograph, and the flow of urine either diminishes in 
rate or is entirely arrested. Soon this contraction of the kidney passes 
off, to be followed by a large expansion, necessitating oil to be let out of 
the recording apparatus. This expansion is rapid in its course, and as a 
rule very much larger in amount than the preceding contraction, and it is 
also of much longer duration. As soon as the lever of the oncograph 
begins to rise, showing that the kidney is commencing to expand, the 
urinary flow recommences, and becomes much more rapid than it was 
previously to the injection of the drug. 
The amount and duration of the contraction of the hidnde varies of 
course with the amount of the drug injected, but in’ no case is the 


intravenous injection of caffein not followed by a well-marked - 


contraction, and, as will be mentioned below, this is sometimes the sole 
effect produced. During this contraction, which (owing to the close 
manner in which the normal kidney curve resembles the blood-pressure 
curve) must be considered to be due to a contraction of the renal 
arteries, the flow of urine is either checked entirely or in part, so that 
in this phase of its action caffein is by no means a diuretic. 

From inspection of the curves obtained, it might at first sight be 
concluded that this shrinking in the volume of the kidney is due to the 
fall of blood-pressure, which as shown above follows the injection of the 
drug: that this view is erroneous is shown by the following facts. 

In the first place, the contraction of the kidney vessels and the fall 
of general blood-pressure do not coincide in point of time, and the 
former lasts much longer than the latter, as is seen in Fig. 3. Again, 
the contraction of the kidney is frequently observed to follow the 
injection of doses of the drug, too small to produce an effect on the 
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blood-pressure. In these cases there is well-marked contraction of the 
kidney vessels, but the effect on the blood-pressure is nil, although the 
beats of the heart are slightly weakened, but too slightly to cause any 
fall of pressure; hence the latter effect could scarcely be thought to be 
the cause of the renal contraction. | 

An apparent difficulty presents itself in that, if the constriction of | 
the kidney is active, why is this not followed by an increase of the 
general blood-pressure, instead of by a fall, as described above? The 


explanation of this is to be sought for in the fact that the fall is due to 


cardiac weakness, and this effect being greater than the other the 
result is a fall of pressure. The cardiac effect may be the greater for 
many reasons, but one obvious one is that the drug not only reaches the 
heart before it does the kidney, but also it reaches the former in a more 
concentrated form. 

It is no doubt curious at first sight, that a drug which produces a — 
peripheral constriction of the muscular wall of arteries, such as is seen 
in the kidney, should at the same time produce an apparent weakening 
of the force of the cardiac beats. The explanation of this apparent 
contradiction is very likely to be found in a suggestion made to us by 
Dr Ringer; that the drug caused a kind of tonic contraction of the 
ventricular muscle, somewhat similar to that produced in the arterial 
muscle, so that, the cavity of the heart being smaller, less blood entered 
and left it at each beat. If this explanation is correct, it would explain 
the apparent discrepancy; but whatever the explanation be, it is 
undoubted that the fall of general blood pressure is cardiac. The 
constriction of the kidney vessels described above is not confined to 
them, but is also readily detected in the spleen, when this organ is 
examined in a similar manner by means of Roy’s splenic oncometer. 
Larger doses have to be used in this case, e.g. 1 grain, but this may be 
owing to the fact that the splenic curve is not so uniform as the kidney 
curve, and so it is more difficult to detect a variation in the volume of 
the organ, unless it is of a marked nature. Doses of one grain of citrate 
of caffein produce marked constriction of the spleen, followed by an 
equally well-marked expansion. From these facts we think we may 
conclude that caffein. produces first constriction, and then dilatation of 
the abdominal vessels. These results are equally well obtained after 
section of both splanchnics. 

The duration of the contraction of the kidney varies with the 
amount of the drug injected, and also with the number of injections, 
Thus if several injections, of half a grain each, be made successively at 
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short intervals, it will be found that each successive dose produces a 
contraction of longer duration. If a second dose be injected, as soon as 
the contraction effect of the first dose has passed off, it will be found 
that the contraction effect will be produced probably toa greater extent, 
but that the expansion following will be distinctly less than that 
previously obtained. If a third dose be then given, the kidney will 
still contract powerfully, but not only will the subsequent expansion be 
still less than that previously obtained, but very possibly the kidney 
will only recover its normal volume, and this after a very considerable - 
time. Hence, by frequent injections, we soon arrive at a point when 
caffein ceases to cause any dilatation, but only the constriction. This 
constriction can be obtained by still further injections, until a point 
_ may be reached ultimately that asphyxia causes no further diminution 
~ in volume, i.e. that the caffein has made the kidney vessels constrict, as 
much as they are able to, so that on asphyxiating the animal there is 

no further constriction produced. | 

It is interesting to observe that large and repeated doses simply 
cause this constriction, and since along with this the flow of urine is 
either markedly diminished, or even totally arrested, if the contraction 
is considerable, the drug then no longer acts as a diuretic. | 

The expansion that follows the first few doses is much more 
considerable in amount than the contraction preceding it, and further it 
persists for a much longer time. Thus in an extreme case, the contrac- 
tion may last three or four minutes, during which time perhaps no urine 
is secreted at all, the subsequent expansion and diuresis may, however, 
last twenty or thirty minutes; but as mentioned above subsequent 
doses tend to diminish the duration of this expansion. 

Thus we see that the action of the drug on the kidney is much 
- more persistent than its action on the general blood-pressure, so 
that here again is proof that the former effect is in no sense due to the 
latter. Ifthe drug be injected subcutaneously, or into the pleural cavity. 
instead of into a vein, there are some differences in the results obtained. 
If small doses are used, doses which if injected intravenously would 
produce a marked contraction followed by an equally marked dilatation, 
a slight, slow and long-continued expansion is produced ; there being in 
these cases no initial contraction. If however the strength of the solu- 
tion be increased, so that the dose given is larger, the usual double 
effect is seen. 

An attempt was also made to see what the effects of the drag were 
on the cerebral circulation, but as yet not very successfully, the instru; 
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ment used not being sufficiently delicate; as far as can be judged by the 
eye, they appear to be similar to those described above for the kidney 
and spleen. The skull was trephined, and a considerable area of the 
cerebral cortex exposed in two different animals, the drug was then 
injected, and the network of vessels in the brain watched. There was 
an undoubted expansion produced, but whether there was initial con- 
striction or not was doubtful; obviously owing to the method esd 
this could not be determined with any degree of accuracy. 

As is well known, caffein produces a marked increase in the rate of 
the secretion of urine, and this increase as mentioned above is synchronous 
with the expansion of the renal vessels, as shown by the oncometer.. 
It is important to note, however, that this increase is preceded by a 
diminution or even a total arrest of the secretion ; further, by repeating 


_ the injection, a stage is soon reached where no expansion and no diuresis ~ 


is produced, only the constriction and diminished secretion. 
Thus in one case, in a rabbit, the flow of urine was at the rate of 


one drop in 25”, prior to the injection of one grain of caffein citrate 


intravenously. During the renal constriction that followed and lasted 
215”, only three drops of urine were recorded. In the 370” following 


_ there were thirty-seven drops, that is to say, that during the expansion of 


the kidney following the constriction, the rate of secretion was more than 
doubled. In the following 200” the rate was one drop in 7”, so that for 


_ nearly 10 minntes after the injection the rate of secretion was nearly 


three times as rapid as before. The observation was then discontinued, 
but no doubt the renal dilatation and accompanying diuresis persisted 
for very much longer. 

Hence to sum up the effects, of the injection of citrate of caffein, on 
the peripheral circulation of the kidney and spleen, as shown by the onco- 
meter. There is a contraction of these vessels which lasts considerably 
longer than the fall of general blood-pressure, the latter being an affair — 
of seconds, whereas the former may last several minutes ; this constriction 
is followed by a persistent and marked expansion, greater relatively in 
the kidney than in the spleen. The expansion in the case of the kidney 
being accompanied by a very marked increase in the amount of urine 
secreted. These effects are still seen after section of both splanchnics. 
The action of caffein on the circulation in these viscera is undoubtedly 
peripheral, although it is not clear whether the drug acts on the 
peripheral nerve structures or on the muscular elements directly. The 
muscle fibres are first stimulated to contract, and this is followed by a 
dilatation, i.e. inhibition, since the organ not only regains its previous 
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bulk, but it expands considerably beyond it. This double effect may be 
due to differences in dose, the constriction being due to a large dose, and 
the dilatation to a small dose; but whatever doses are injected intra- 
venously, constriction is produced, so that possibly the effect may be due 
to some other influence than difference in dose. In connection with this 
point, it is interesting to note that the dilatation effect is the one that 
is sooner abolished by repeated doses, and this supports to a certain 
extent the view, that this dilatation is due to small doses. 

As regards the diuretic effect, this, as shown by other observers’, is no 
doubt a complex one, and is by no means entirely dependent on 1 the 
vascular dilatation. 

This is well seen by the following facts: occasionally a marked 
diuretic effect is observed, with comparatively little expansion, but much 
more commonly the converse, i.e. if the kidney has been injured in the 
preparation, so that the urinary flow is not abundant. Under these — 
circumstances caffein will still produce its characteristic constriction and — 
dilatation of the renal vessels; but the actual diuretic effect may be 
small or even absent. This fact shows, how very much more complex 
the processes concerned with the urinary secretion are, than the vaso- 
motor phenomena, since the — may be absent when the latter are 
present. 


3. Action of Digitalin and Strophanthin on the Renal Cireulation 
and Secretion. | 


A. Digitalin. The next drug investigated was disitalin., There ' 
apparently some contradiction with reference to its action, since 
according to some it is only indirectly a diuretic, owing to its cardiac 
effects, according to others it has a direct diuretic action on the 
kidney. 

Our results coincide more with the latter view than the Saenar. 
although as will be seen below the actual diuretic effect is very small 
compared with that of caffein. 

Fig. 6 shows the effects of a large dose of digitalin on the kidney. 
The injection of the drug is followed by a contraction of the kidney, 
which is rather more slow in its course than that described above as 
following the injection of caffein. This slowness, however, is not always 
present, and the fall of the lever may be quite as sudden as with caffein. 
The peculiarity of the contraction, however, is its extreme persistence } 


1 Munk. Centralblatt. f. d. Med. Wissensch. July, 1886, 27. 
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frequently the kidney does not return to its previous volume for a 
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considerable time, as much as half-an-hour, and after a large dose like 


the above, perhaps it will not return throughout the duration of an 


experiment. This contraction is not followed by any expansion. If the 
dose be diminished the contraction is still obtained, although it will be 
both less in amount and of shorter duration; but whatever dose be 
administered the only result obtained is contraction, expansion not 
having been produced by any doses we have experimented with. As 
regards the effects of this drug on the general blood-pressure, it is 
unnecessary here to dwell on it, as it is well known ; but from the above 
result it is seen that the kidney vessels are sonoerndd t in the constriction 
which leads to the general rise of pressure. 

As regards the action of this drug on the secretion of urine, many 
observers have concluded that digitalin is a diuretic in animals, and in 
man in health, that is to say, that it acts on the kidney apart from its 
action on the general blood-pressure. This view is confirmed to a 
certain extent by the results obtained with the oncometer. The 
amount of urine secreted, measured in the manner described above, is 
decidedly increased by digitalin, although to nothing like the extent it is 
with caffein. Thus in one case, in a dog, the average rate of the 
secretion for 150” prior to the injection of the drug was one drop in 
30”. In the 300” immediately following the injection, the rate was one 


drop in 23”; and for the 200” following one drop in 18”; this effect 


persisted for as long as an-balf-an hour. Thus it is seen that the drug 
caused a decided increase in the urinary flow, although this was spread 
over a considerable interval of time. 

One point that deserves attention is the difference in the action of © 
this drug compared with caffein. As stated above they both cause 
constriction of the kidney vessels, this being the sole effect of digitalin, 
and the initial effect of caffein. Thus they resemble one another as far 
as this action on the peripheral vessels is concerned, but there is a very 
marked difference with regard to their action on the actual secretion. 


During the contraction produced by caffein, the flow is either diminished 


or frequently arrested; whereas with the contraction of digitalin, the 
urinary flow is certainly not diminished, and is generally, as in the 
typical case mentioned, slightly increased. Hence with digitalin we 
have an example of a drug producing a diuretic effect, at the same time 
that the renal vessels are constricted. As regards the explanation of 
this fact, one of the following views may be correct. With regard to 
caffein, we have seen that the renal constriction is accompanied during 
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a portion of its duration by a fall of arterial pressure; but that this 
latter effect is more transitory than the former. With digitalin, on the 
other hand, there is a persistent rise of arterial pressure, which is 
practically synchronous with the peripheral constriction produced. 
Hence, as regards the kidney, this organ is really under different 
conditions with these two drugs, although at first sight they seem to 
have a similar action on the renal vessels. 

With caffein both the general effect on the blood-pressure, and the 
local effect on the kidney, will hinder the supply of blood to the kidney; 
whereas with digitalin the general effect and the local effect will tend to 
produce an opposite effect. With caffein the rate of flow of the blood | 
through the renal vessels will be probably markedly diminished, 
With digitalin this rate of flow will be increased, since there will be 
a higher blood-pressure to drive the blood through the constricted area. 
Now, as Heidenhain has shown, the rate of the urinary secretion is 
more dependent on the rate of flow through the renal vessels than on 
any difference of general blood-pressure. This rate of flow is of course 
dependent on differences of blood-pressure, but not directly, being really 
due to the relationship existing between the condition of the renal vessels, 
compared with those of the body at large. It is of course to be under- 
stood, that we are here only contrasting the initial effect of caffein with 
digitalin, since the final result of the former is quite different to any- 
thing observed with the latter. 

It seems to us that the above explanation is quite consistent with 
the facts, and is thus perfectly competent to explain the diuresis pro- 
duced by digitalin. An alternative hypothesis would be, that digitalin 
actually stimulates in some way the epithelial structures of the kidney, 
so that the diuretic effect observed is due rather to this than to any | 
vasomotor effect. This hypothesis, however, although it would explain 
the facts, is scarcely so satisfactory, since it would assume that caffein 
does not stimulate these secreting structures, and this is contrary to 
what Munk’ and others have shown. Munk found that caffein 
increased the amount of fluid excreted by an excised kidney, through 
which an artificial circulation was carried on, and other observers have 
shown that caffein increases the amount of solids in the urine. 

There are, however, many difficulties in the way of: supposing that 
the flow of urine is so entirely dependent on vasomotor phenomena; 
this question will be returned to, when we have described the action of 


1Munk. Loe, cit. 
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strophanthin, as the action of this drug throws some light on this 
question. 

 B. Strophanthin. This drug was investigated in order to compare 
its action with that of digitalin, since, as is well known, the two drugs 
present some marked differences in their action. Although both raise 
arterial tension, strophanthin does this entirely by increasing the force 


of the heart beats, whereas digitalin at the same time produces a 


peripheral constriction. Fig. 8 shows the effects of strophanthin on the 
blood-pressure and_ kidney, and it is seen that the effect on the kidney 
is purely temporary. In another case, Fig. 9, where the urine was also 
recorded, it will be seen that the rate of flow was practically unaltered 
by the drug. The rate being one drop in 3:5” before the injection, and 
one drop in 3°6” after. In this animal, for some reason, the flow of urine 
was exceedingly free from the very commencement of the experiment, 
and before any drug had been administered; it was also found that 
subsequent injections of strophanthin, so far from causing any increase, 


- tended rather to diminish the rate of secretion. | 


This confirms the view previously held, that strophanthin does not. 


act to any marked extent on the peripheral vascular system, and that 


its chief action is cardiac, On inspection of some of the curves obtained, 


it will be seen that the kidney (after the purely temporary constriction 


described above) does not quite recover its normal volume; but the 
difference is so small, that it would be difficult to say, whether it’ was 
spontaneous, or that the strophanthin did cause a very slight and 
persistent contraction of the renal vessels. From the action of this drug 
on the heart, and on the skeletal muscles, it might be expected to have 
some slight action on the muscular wall of the arteries; but as compared 
with digitalin, this effect is very small and unimportant. : 

An apparent partial antagonism between strophanthin and digitalin 
was observed in some cases, where digitalin had been repeatedly injected 
in large doses, so that ultimately the heart was made very irregular, as 
is shown in the kidney curve, Fig. 10,1. Strophanthin was then injected, 
and it was found that the heart became, in a few minutes, almost as 
regular as it had been prior to the administration of digitalin. Hence, 
in this case, the irregularity of the force and rhythm caused by large 
doses of digitalin was obviated, and the normal beat obtained again by 
the injection of strophanthin. This result was also obtained in two 
other experiments, but the converse was never obtained, i.e. a recovery 


of the heart with digitalin, after an animal had received an excessive 
dose of strophanthin. 
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Strophanthin then, although it causes a marked rise of general 
blood-pressure, does not as observed by us cause any diuretic effect 
such as is observed with digitalin; yet the latter drug causes con- 
striction of the renal vessels, and the former leaves them practically 
unaffected. Since both drugs cause a rise of blood-pressure, one might 
perhaps have thought that strophanthin would cause an increased flow 
of urine. The differences in the behaviour of the kidney, during the 
first stage of the action of caffein; during the contraction produced 
by digitalin; the absence of any marked result with strophanthin ; 
together with the action of these drugs on the.general blood-pressure, 
and on the urinary flow (the last being increased by the second drug, 
diminished by the first, and not much affected by the third), seem to 
show that the mechanism of the secretion of urine is not so intimately 
connected with the vasomotor changes in the organ as is usually 
assumed to be the case. | | 

It is needless to add that before this could be definitely established, 
more observations are necessary, and these are at the present time 
being carried out; both as regards the action of other drugs, and also 
as to the nerves of the kidney. Inasmuch, however, as the plethysmo- 
graphic method is a valuable one for detecting differences in the blood 
supply of the kidney, produced by the action of drugs, it seemed 
desirable to publish the above as a preliminary communication. 

In conclusion, our best thanks are due to Prof. Schafer, ‘for the 
kindness with which he placed the resources of his laboratory at 
our disposal, and also for much assistance afforded to us on several 
occasions. 


DESCRIPTION OF PLATES IV. AND V. 
All the curves are to be read from left to right. The time trace marks 
intervals of one second and five seconds, 


Fig. 1. Rabbit, Chloroform and curare. Blood-pressure (Fick’s 
manometer). Citrate of caffein. 


Fig. 2. Cat. Chloroform and curare. Blood-pressure (Fick’s monometer) 
citrate of caffein. 


Fig. 3. Rabbit. Chloroform and curare. Blood-pressure and kidney 
curve. Citrate of caffein. | 
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Fig. 4. Rabbit. Chloroform and curare. Blood-pressure. Citrate of 
caffein after section of vagi. 


Fig. 5. Rabbit. Chloroform and curare. Blood-pressure. 
curve and urine. Citrate of caffein. | 


Fig. 6. Cat. Chloroform and curare. Kidney curve. Digitalin. 


Fig. 7. Dog. Chloroform and curare. Blood-pressure 
manometer). Kidney and urine, Digitalin. 


Fig. 8. Dog. Chloroform and curare. Blood-pressure (mercurial 
manometer). Kidney. Strophanthin. 


Fig. 9. Dog. Chloroform and curare. Blood-pressure (mercurial 
manometer). Kidney and urine. Strophanthin. 


Fig. 10. Dog. Chloroform and curare. Kidney curve only showing 
antagonism of digitalin and strophanthin. 
1, Curve rendered irregular by large doses of digitalin. 
2. 4, 4 minutes after injection of — 
3. oe minutes later. 


oe 
‘ 
ones 
A 
- 
“igh 
4 
4 
va 
ig 
¥ 
4 
5 & 


. 


grains Citrate of Caffein 


into external jugular 


Figs 1 


25 grains of Caffein 


into ex lar 


c 
Fig 2 
© 


5 grains Citrate of Caffein 
| 


grains Citrate of Vaffein 


into external jugular. 


tdn \ 4 
ey 
Urine 


Digitalin 


20 grain 


Ly gl jugular. 


BP 


Kidney 
we 


big 


dati d mp Se: 


fy 
4 | 
| 
| i int 
lela 
| \ | | 
| 
| 


4 
Caffein 
: 
gular. 
V V 


Fig 
\ 
\ 
\ 
\ 
\ 
\ 
4 \ 
\ 
f 
Fig. 6. 
1 
25 grains Citrate of Caffern 
So, Ingt Cy 


into external jugular 


{ 


bee: 
on 
\ 
\ 
\ 
/ 
fe 
| 


Kidney 


Urine 


Digrtalin 


Pig. 7, 


Wy 


Strophanthin 


into external jugular 


Urine 
) 


\ 

| 

ay 


Ann lV 
we 


iT 


( 


Fig. 8. 


Vw 


Fig 10. 
{] Ill 


Lamb Sei 


\ 
3 
A, 
j 
f 


¥, 
q 
“g 
4 
& 
we? 
re 
; 
° 
. 
OW 
~ 
‘ 
j 
og 
| 
«2 
he 
> 
a 
bs, 
‘ 
a 
& 
ag 


ON MUSCLE-PLASMA'. By W. D. HALLIBURTON, MD., 
B.Sc., Assistant Professor of Physiology, University College, London. 


(From the Physiological Laboratory, University College, London.) 


Our knowledge of the properties of muscle-plasma depends almost 
_ entirely on Kiihne’s’ researches on the muscle-plasma of frogs. In this 
investigation I have endeavoured to extend his observations to the 
warm-blooded animals, and to discover if possible the precursors of 
tayosin in the muscle-plasma, as well as to ascertain more accurately 
the cause of the formation of myosin. Incidentally the research has 
included an investigation of the proteids of muscle-plasma, and of muscle- 
serum. 

The subject may ot be discussed under the following 
heads :— 

I, The influence of cold on the coagulation of the musele-piasma of 
warm-blooded animals. 


If. The influence of neutral salts on the coagulation of muscle- 
plasma. | 

III. The properties of saline extracts of muscles which have under- 
gone rigor mortis. 

IV. The properties of the menial, 

V. The development of acid during coagulation. 

VI. The preparation and properties of myosin-ferment. 

VII. The proteids of muscle-plasma and of muscle-serum. 


I. THe INFLUENCE OF COLD ON THE COAGULATION OF MUSCLE- 
PLASMA OF WARM-BLOODED ANIMALS. 


Kiihne found that the muscle-plasma which he obtained from the 
frog could be prevented from coagulating by a temperature below 0° C. ; 
about this temperature it clots slowly, and at a temperature of 40°C. 

1 The expenses in connection with this research have been defrayed out of a grant from 


the Scientific Grants Committee of the British Medica] Association. 
2 Kiihne, Protoplasma, Leipsig, 1864, and Lehrbuch der physiologische Chemie. 
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almost instantaneously; the muscle-plasma being a liquid of syrupy 
consistency, of a faintly alkaline reaction, and separating at a suitable 
temperature into a solid lot composed of the proteid substance called 
myosin, and a liquid residue which is squeezed out by the contraction of 
the clot and’which has received the name of muscle-serum. Kiihne 
was not able to employ the muscles of warm-blooded animals, as he 
found that they do not preserve their vitality sufficiently long to — 
of the plasma being removed before coagulation occurred, 

The first point therefore which it was necessary to settle before 
proceeding to the further questions involved in an investigation of the 
properties of mammalian muscle, was whether the facts above mentioned 
as true for the muscle-plasma of the frog are also true for the muscle- 
plasma of warm-blooded animals. These experiments together with 
several of the earlier ones which will be detailed under the next heading 
were performed in conjunction with Professor Schafer. | 

Several unsuccessful attempts were made to obtain muscle-plasma 
from the rabbit, but it is unnecessary to enter into a description of these ; 
the causes of failure will be mentioned in the following description of — 
the method which was found to be wholly successful :—The animal was 
killed by bleeding from the carotids; the abdomen was quickly opened, 
and a cannula inserted into the abdominal aorta; the blood was then 
washed out from the lower limbs by means of a stream of cold salt 
solution (0°6 sodium chloride solution); it was found unadvisable to cool 
the salt solution to 0°C. as so cold a fluid caused such powerful con- 
traction of the small vessels as to hinder the free flow of the fluid. It 
was found that a temperature of 5°C. was sufficiently low, and this was 
produced in a very simple way by putting lumps of.ice into the salt 
solution ; as they melted some dilution of the solution was produced, 
but this was immaterial. When the lower limbs were well swollen with 
the saline solution the vena cava inferior was opened, and the mixture 
of blood and salt solution allowed to flow out; in about five minutes the 
fluid came through perfectly clear. The lower limbs were then quickly 
skinned, and pieces of the muscles which were still excitable were cut 
off and plunged into a freezing mixture of ice and salt which had a 
temperature of about —12°C. These pieces if small become almost 
instantly solid hard lumps: the outside of each lump is necessarily 
frozen first, this forms a protective case to the internal part of 
_ the piece of muscle and effectively prevents any but the smallest 
admixture of the strong saline solution with the muscular substance. 
It is necessary to put the muscles in this way directly into the freezing 
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mixture; our ill success in the earlier experiments was due to the fact 
that the lower limbs still covered by fur were immersed bodily in the 
mixture; for the fur being a bad conductor of heat, the muscles under- 
went rigor mortis and lost their irritability before the cold had time to 
take effect on them. The pieces of frozen muscle were removed from 
the freezing mixture, wiped dry quickly with blotting-paper, placed on 
a plate kept cold by ice and salt mixture; they still remained perfectly 
hard; they were then finely sliced; care being taken to cut as much as 
possible across the direction of the muscular fibres. The frozen slices 
were then wrapped in linen, and subjected to pressure. Some difficulty 
was experienced in finding a suitable press, but ultimately, the expedient 
of using a lemon squeezer of enamelled iron was hit upon. The 
instruments must all be cooled by immersing them before use in the 
freezing mixture, and an advantage which the iron lemon squeezer has 
in addition to its strength, over the ordinary wooden instrument, is the. 
facility with which it may thus be cooled. 

The muscle-plasma which is obtained in this manner can be collected 
in a test tube, or in watch-glasses. It is a yellowish, somewhat viscid 
fluid of a faintly alkaline reaction. Allowed to remain at the tempera- 
ture of the air in winter time it is found to set into a solid jelly in the 
course of from one to two hours: at the temperature of 40° C. coagula- 
tion takes considerably less time, viz—twenty to thirty minutes; 
simultaneously an acid reaction is developed. The naked eye phenomena 
of coagulation are the same in both cases; it begins by a thin film 
forming over the surface exposed to the atmosphere, and a similar film 
in those parts in contact with the glass; the process of clotting then 
spreads throughout the liquid until ultimately a firm translucent clot is 
obtained ; in the course of some hours this contracts to a slight extent, 
and squeezes out a few drops of serum. That this clot is composed of 
myosin and not of fibrin formed from the lymph which might be mixed 
with the muscle-plasma can be shown by the fact that it does not swell 
in 02 per cent. hydrochloric acid, but immediately, rapidly, and com- 
pletely dissolves both in this reagent and in a 10 per cent. solution of 
sodium chloride. | 

As a control experiment, the attempt was made to obtain a similar 
coagulable fluid from muscles which had undergone rigor mortis. The 
pieces of finely divided muscle were allowed to thaw, and in about half 
an hour’s time were subjected as before to the pressure of the lemon 
squeezer; another specimen was not frozen, but allowed to undergo 
rigor mortis, and some twelve hours after death was chopped up finely 
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and squeezed ; but in neither case did the expressed. fluid undergo clut- 
ting, either at the temperature of the air or in the incubator at the 
temperature of 40°C. In both cases the expressed fluid was acid. In 
one experiment similarly performed to that just described an apparent 
exception to this statement occurred. Twelve hours after death, the 
muscles of the lower limbs of a rabbit freed from blood by a stream of 
salt solution injected by the abdominal aorta, were chopped up finely 
and wrapped in linen: this was squeezed and a strongly acid fluid 
expressed. This did not undergo clotting at the temperature of the 
atmosphere, but when kept in the incubator at 40°C. and examined 
half-an-hour afterwards it was found to have become thick and opaque. 
This was produced by a fine flocculent precipitate which pervaded the 
liquid, which was removable by filtration, and which resembled in ap- 
pearance a heat coagulum much more than a clot of myosin formed 
spontaneously. That it was a heat coagulum, was proved by the 
following experiments; (1) The precipitate was collected on a filter 
and washed with water, and was found to be insoluble except in strong 
mineral acids. (2) This precipitation began immediately the tempera- 
ture of the fluid reached 40°C., and gradually increased in amount. (3) 
If the temperature of the incubator was lowered to 35° C. this precipita- 
tion did not occur; while the coagulation of muscle-plasma occurs as 
readily or almost as readily at 35° as at 40°C. In connection with this 
explanation the question will naturally arise, why should a heat coagu- 
lum have occurred at so low a temperature as 40°C.? This is however 
to be accounted for by the acidity of the liquid, which was extreme as 
compared with that usually met with in fluids obtained from coagulated 
muscle, and the reddening of litmus paper of a decidedly blue shade was 
very marked. As will be seen later on, the lowest point at which any 
proteid occurring in muscle coagulates is 47°C., but the acidity in this 
case was presumably sufficiently great to account for the lowering by 7° 
of the temperature of coagulation. 

The general conclusions that can be drawn from the foregoing experi- 
ments are as follows :— 

1. That with a few slight modifications the facts previously dis- 
covered by Kiihne in relation to the preparation of muscle-plasma from 
frog’s muscle, are true also with regard to mammalian muscle. 

2. That the preparation of muscle-plasma from mammalian muscle 
is by no means so difficult.a process as has hitherto been supposed. 
Indeed, by following the simple method we have described, it is an ex- 
periment which can easily be demonstrated to a class. 
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3. That the coagulation of mammalian muscle-plasma, after it has 
been subjected to a low temperature, is a process of longer duration than 
that described by Kiihne in the case of frog’s muscle-plasma. 


IL THE INFLUENCE OF NEUTRAL SALTS ON THE CoaGuLATION 
oF MuSCLE-PLASMA. 


The separation of muscle-plasma into a clot and muscle-serum is 
very similar to what occurs in the blood-plasma after its removal from 
the body, and the resemblance is borne out by the fact that a low 
temperature prevents or hinders the separation into clot and serum in 
both cases, In the case of blood-plasma cold is not the only agent 
which prevents the occurrence of coagulation, but the same result is 
brought about by mixing with the plasma certain proportions of neutral 
salts, such as magnesium sulphate, sodium chloride, or sodium sulphate. 
An important point then to determine is, whether the analogy between 
muscle-plasma and blood-plasma holds in this particular also; that is, 
whether it is possible to prevent the coagulation of muscle-plasma by 
mixing it with solutions of such salts as those just enumerated. 

In order to elucidate this point, the following method of procedure 
was adopted. A rabbit was killed by bleeding, a cannula inserted into 
the abdominal aorta, and the blood washed out from the lower limbs by 
a stream of cold salt solution in the manner already described. The 
lower limbs were then quickly skinned; the muscles of one limb (A) 
were placed in the freezing mixture, the muscles of the other limb (B) 
not. When frozen the muscles of the limb A, were cut into fine slices, 
by means of a cooled knife’; the pieces being kept frozen during this 
proceeding by placing them on a cooled plate. The finely divided frozen 
muscle was then divided into three parts; one portion was put into 
10°/, sodium chloride solution, the second into 5°/, magnesium sulphate 
solution, and the third into a half-saturated solution of sodium sulphate ; 
in all cases these fluids were kept at the temperature of 0°C. or a few 
degrees below. By means of a cooled pestle and mortar, the pieces of 
muscle were thoroughly crushed, and mixed with the fluids in question ; 
it was found that a very considerable amount of proteid went into solu- 
tion; the fluids were then rapidly filtered, by using a large number of 
small filters which were also kept cold as far as possible by means of 
cooled glass funnels. The filtrates were in all cases alkaline in reaction, 


- 1 In some cases a freezing microtome was employed. 
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and had a temperature of 2°—3°C. They were kept at this tempera- 
ture for thirty to forty minutes, and no coagulation occurred in the 
fluids, which we may speak of as salted muscle-plasma: they were then 
allowed to reach the temperature of the air (15°C.), and still no coagula- 
tion occurred. 

_ ~The muscles of the second limb (B) were then taken about an hour 
after the death of the animal, they were chopped up finely, divided into 
three parts, which were pounded up in a mortar with the three saline 
solutions employed in making an extract of the limb A: namely a 10 
per cent. sodium chloride solution, a 5 per cent. magnesium sulphate 
solution, and a half saturated solution of sodium sulphate. A large 
amount of proteid material went into solution ; and the extracts of the 
dead muscle were in all cases acid, and underwent no spontaneous 
coagulation when exposed to the atmospheric temperature. So far then it 
would seem judging from the foregoing experiment which is described 
in detail as a sample of three similar experiments performed with the 
same result, that, granting the extracts obtained from the frozen muscle 
were really specimens of salted muscle-plasma, the salt solutions 
employed did prevent its coagulation; that this was the case was 
emphasized by the alkaline reaction of the extracts. But such an 
experiment as that just described cannot be regarded as conclusive, for 
it might be said that the fluidity of the saline solution is no proof that 
coagulation has been prevented, for the coagulum is composed of the 
proteid substance myosin which is itself soluble in the solutions used to 
prevent coagulation. 

This would be a perfectly just criticism; my chief reason however 
for regarding it as probable that I had to deal with a muscle-plasma in 
which coagulation had been prevented, and not with a mere re-solution 
of myosin, was the reaction of the extracts. Subsequently, when coagula- 
tion was made to occur in them by diluting the saline liquid with water, 
the reaction became acid; and a conclusive experiment which confirmed 
the accuracy of this view was as follows :—a rabbit was killed as before, 
the blood removed from the lower limbs, and the muscles from those limbs 
frozen in the way already described ; the muscles still frozen were finely 
minced, and squeezed in a cold lemon squéezer to extract the plasma ; 
the plasma so squeezed out was collected in three vessels ; in the first it 
was not mixed with anything, but in the course of half-an-hour underwent 
coagulation in the way already described ; in the second, it was mixed 
with three or four times its volume of ten per cent. sodium chloride solu- 
tion; in the third, it was mixed with three or four times its volume of 
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five per cent, magnesium sulphate solution. These two latter mixtures 
kept either at the temperature of the air or in an incubator of the tem- 
perature of 37°C. did not undergo coagulation. The sodium chloride 
plasma was alkaline in reaction, the magnesium sulphate plasma which 
was collected a few minutes later was neutral. Moreover these specimens 
of salted plasma were found to contain the same proteids by methods 
shortly to be described as the extracts obtained by pounding the cooled 
muscle with the salt solutions, and in fact exhibited precisely similar 
reactions, of which the most important was the fact immediately to be 
fully entered upon, that on dilution with water, coagulation occurred and 
an acid reaction was developed’. 

From this experiment I felt fully justified in concluding, that the 
extracts of cooled muscle were really specimens of salted plasma, and 
that in them, as in the case where the plasma itself was used, the salts 
employed had prevented coagulation. The former method, that of 
extracting frozen muscle with the salt solution, was the one employed in 
most experiments, particulars of which will follow; it was the less 
troublesome process of the two, and what was more important gave a 
larger yield of salted muscle-plasma. 

The solutions employed for extracting the plasma from the frozen 
muscle, are those that have already been mentioned : a ten per cent. sodium 
_ chloride solution, or a five per cent. magnesium sulphate solution, or a 
half-saturated solution of sodium sulphate. A number of trials with 
solutions of these same salts of different strengths showed that the 
above mentioned are the best to use, since they extract a larger 
quantity of proteid than either weaker or stronger solutions. Saturated 
or strong solutions of sodium chloride, or magnesium sulphate, extract. 
very little proteid, for, as will be shown later on, many of the proteids of 
muscle-plasma are precipitated by saturation with these salts: saturated 
solution of sodium sulphate has not this disadvantage to such an extent. 

Solutions of the salts weaker than those mentioned do not with 
certainty prevent the formation of myosin, as will be seen by the dilution 
experiments next to be described. I have not employed ammonium 
chloride solutions m any of my experiments, although it has been largely 
_ used by others for dissolving myosin, for the reason, that in subsequent 
saturation experiments with magnesium sulphate or sodium chloride, the 
presence of a second salt would have complicated the reaction. 


1 The sodium chloride plasma mentioned aboye was in this case an exception; after 
clotting had occurred the reaction still remained very faintly alkaline, though whether it 
was less alkaline than previously I did not have sufficient material to investigate. 
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Following up the analogy between the coagulation of blood-plasma 
and muscle-plasma, the next point to investigate was one to which © 
allusion has already been made; namely, whether dilution of the salted 
plasma with water produces coagulation in one case as in the other. 
Dilution of salted blood-plasma with water is supposed to produce 
coagulation by removing the mhibitory influence that a more concen- — 
trated salt solution has upon the formation of fibrin. Dilution of salted 
muscle-plasma with water does cause the formation of a clot of myosin, 
and acts presumably in a similar way by removing the inhibitory 


_ influence that a more concentrated salt solution has upon the formation 


of myosin. 

The following are the notes of the observations made on the results 
of dilution of the three extracts described as having been made from the 
frozen muscle. | 


Extract 1; with 10 per cent. sodium chloride solution. Reaction alkaline ; ; 
fluid 


Time of obser- Result when allowed to| Result when placed in the 
ins Amount of dilation |stand at the tempera-| warm chamber (tempera- 
ture of the air (15°C.) |- ture 37° C.) 


10am. (a. Diluted with an/ 


equal amount of | 
water 
10 am. next | No change Slight i increase of 
day _ opalescence 
10 a.m. b. Diluted with Slight increase of | Slight increase 
three times its opalescence opalescence 
| volume of water | 
10.30 a.m. _ | No change Clot beginning to form 
12.15 p.m. | No change Clot extends through- 
out the liquid 
12.30 p.m. | No change Clot beginning to 
 eontract 
2 p.m. | No change Clot contracted and 


floats at the top a 
colourless clear fluid 


10 are next | No change No further change 
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Extract 2; with half-saturated solution of sodium sulphate. Solution 
opalescent, and reaction alkaline. 


141 


Time of obeer- é t at the te Placed in the warm cham- 
Amount of of the air (15° C.) ber 37°C.) 
10am. |a. Diluted with an 
equal amount of 
water 
10 a.m. next No change Small clot 
day 
10 a.m, b. Diluted with Increase of Increase of opalescencs 
.| three times its opalescence 2 
volume of water | 
10.30 a.m. | No change Clot beginning to form 
10 a.m, next No change Abundant clot 
day 


Extract 3; with 5 per cent. magnesium sulphate solution. Solution 
opalescent ; reaction neutral. 


Time of obser- ag t at the tempera- | Placed in the warm cham- 
Amount of dilution of (15°C) ber 37° C.) 
10 a.m. a, Diluted with No change No change 
an equal amount oe 
of water 
5 p.m. No change Clotting commenced 
10 a.m, next | Small clot Abundant clot 
day | 
10 a.m, b. Diluted with Increase of _| Increase of opalescence 
: three times its opalescence 
volume of water 
10.30 a.m. No change Clotting commenced 
12.15 p.m, No change _ Clot contracting 
4 p.m. Clotting com- Clot contracted 
menced 
10 a.m. next Abundant clot | Abundant clot which 
day which had con- had contracted 
tracted 
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The clotting which is described as occurring at various times in the 
preceding tables was in appearance very like that which occurs when 
blood-plasma is similarly diluted; there is at first a jellying throughout 
the liquid ; this very rapidly contracts, and floats in a clear fluid. The 
consistency of the clot is however not nearly so great as that of fibrin, 
and the jelly on shaking breaks up into fragments. In some instances, 
though not in the experiment just described, but when a very concen- 
trated muscle-plasma was used, the jelly which formed was sufficiently 
firm to allow of the vessel in which it was contained, to be turned upside 
down without the contents being spilled. In all cases also the occur- 
rence of the clot was accompanied by the change of reaction of the fluid 
from alkaline to acid. On redissolving the clot, it was found by its 
reactions to be in all cases myosin. 

One point whickyis very important in the determination of the 
clotting is the temperature ; the temperature of 37°C. is seen to be 


- much more effectual in causing the coagulation of the myosin than the 
- temperature of 15°, that of the atmosphere. The influence of tempera- 


ture is more strikingly seen in the following experiment; specimens 
of salted muscle-plasma were obtained from a rabbit in the way described ; 
it underwent coagulation more rapidly than in the experiment already 
detailed, and so comparative observations were more easily made. A 
preparation made with 10 per cent. sodium chloride was diluted with 
four times its bulk of water and divided into five portions, a, b, c, d, e. 


a. Placed in a freezing mixture at a temperature of — 10°C. Thawed 
after three hours; no clot, clotting commenced 50—60 minutes 
after the temperature of the air 13° C. was reached. 


b. Kept at the temperature of melting ice 0°C. No coagulation after 
four hours. 


c. Kept at the temperature of 2°C. After 70 minutes a faint coagu- 
lation began to appear throughout the liquid. 


d. Kept at the temperature of the air 13°C.: coagulation ses cau in 
25 minutes. 


e. Kept at the temperature of 35° C.: coagulation began in 10 minutes. 


With a specimen prepared by means of a five per cent. solution of 
magnesium sulphate, and then similarly treated, similar results were 
obtained. 
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a. b. c. corresponded exactly to a, b, and c above. 


d. Coagulation began in 20 minutes. 
. Coagulation began in 8 minutes. 


The specimens of salted muscle-plasma obtained aii mixing the 
squeezed out plasma with salt solutions underwent precisely similar 
coagulation when diluted with water; at the temperature of the air the 
clot was very slowly formed (12—24 hours) ; at the a of 37° C- 
it appeared rapidly (10—15 minutes). 

So far then the analogy between the occurrence of coagulation 1 in 
salted muscle-plasma, and that in salted blood-plasma is very close, 
especially in the influence of temperature, a low temperature hindering, 
a temperature of 35°—40° C. hastening the formation of a clot. The 
development of acid however does not appear to take place in the sepa- | 
ration of fibrin from blood-plasma as it does in that of myosin from 
muscle plasma, The close resemblance in other points however suggests 
a similar cause in the two cases; the formation of fibrin is believed to 
be due to the action of fibrin-ferment, which like other enzymes acts 
best at a temperature of 30°—40°C. and is inhibited by a low tempera- 
ture: the question of a similar ferment action in the formation of myosin 
is one which will be entered into fully later on. 

The general conclusions which can be drawn so far with regard to the 
influence of neutral salts on the coagulation of muscle-plasma are as 
follows. 


1. That admixture with solutions of neutral salts is able to prevent 
muscle-plasma from undergoing coagulation. 


2. That dilution of the salted muscle-plasma brings about the 
coagulation prevented by the more concentrated salt solutions. 


3. That the coagulation of diluted salted muscle-plasma occurs 
readily at temperatures between 30° and 40°C. more slowly at lower 
temperatures, and is wholly prevented by a temperature of 0° C. 


4. That with the exception of the formation of acid which occurs 
simultaneously with the production of a clot of myosin, the phenomena 
regarding the formation of myosin are closely similar to those which are 
observed in the formation of fibrin from blood-plasma. 


5. This similarity suggests that the formation of myosin may be due 
to a ferment, in the same way that the formation of fibrin from the 
fibrinogen of blood-plasma is due to the action of the fibrin-ferment. 
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Ill. Tse Properties oF SALINE Extracts oF MUSCLE THAT HAVE 
UNDERGONE RicoR MoRTIS. 


It is now necessary to contrast and compare with the foregoing, the 
control experiments performed in a similar way with saline extracts of 
muscles in which the coagulation of myosin (which leads to what is 
called rigor mortis) had occurred. One must preface the account of 
these experiments by stating that the results obtained were very | 
unexpected, and they may be briefly summarized by saying that they 
differ little from those obtained from salted musele-plasma in the 
experiments just described; dilution of the extracts of dead muscle 
which contained a solution of myosin in addition to other proteids 
leading to a recoagulation of the myosin. 

In the experiment described at the beginning of the last section, it 
was mentioned that three preparations (with different salts) were made 
from one lower limb of a rabbit: the other lower limb was not subjected 
to the freezing process, but after being allowed to remain an hour at 
the atmospheric temperature 15°C., the muscles were finely divided, 
and then pounded up with the same salt solutions as were employed to 
make salted muscle-plasma, viz.: ten per cent. sodium chloride, five per — 
cent. magnesium sulphate, and half-saturated sodium sulphate solution, 
and finally filtered. On diluting these extracts, which were all distinctly 
acid, coagulation occurred in a manner indistinguishable in appearance 
from that already described ; the coagulation also occurred more readily 
at the temperature of the body, than at a lower temperature. 

The following are the details of the experiments performed with the 
magnesium sulphate extract. 


Extract 3. With 5 per cent. magnesium sulphate solution. Extract 
opalescent, slightly acid. 


. | Allowed to stand at i 
Time of obser- sia ie Placed in the warm 
watioh Amount of dilution j|the wae is of the chamber 37° C. 


11am. a. Diluted with an| Increase of opa- |Increase of opalescence 


equal volume of lescence 
water | 
5 p.m. No change No change 
10 a.m. next No change Small filmy clot — 


day 
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Allowed to stand at 
ser- | Amount of dilution |the ofthe ‘chamber 37°C. 
ll a.m. | 6. Diluted with |Marked increase of} Marked increase of 
: three times its opalescence opalescence 
volume of water 
12 noon -Nochange through liquid 
12.30 p.m. No change Clot beginning to 
contract 
5 p.m. Jellying beginning} Clot contracted and. 
abundant 
10 a.m. next Small clot which ditto. 
day had contracted 


Similar tables might be given of the behaviour of the sodium 
chloride, and sodium sulphate extracts, but the above will sufficiently 
indicate the results obtained. The coagulation was in appearance not 
a simple precipitation, but consisted first in a jellying throughout the 
liquid. which subsequently contracted, squeezing out a colourless fluid, 
and this occurred more readily at the temperature of the body than at 
the temperature of the air. 

This experiment was the first performed with apparently dead | 
muscle, and it was at first thought that the result might be explained 
on the supposition that the muscle in question was not really dead, or 
at least had not undergone. rigor mortis; since it was removed from the 
body of the animal only one hour after death. Observations were then 
made in a similar way on extracts of muscles removed from the body, 
four, ten, and twenty-four hours after death ; in the first two cases those 
removed four and ten hours after death the muscles were markedly 
rigid ; in the third case, that removed twenty-four hours after death, the 
stiffness had passed off; in a fourth case, the limbs were kept in an 
incubator at the temperature of 40°C. for twenty-four hours, a condition 
which would favour the coagulation of myosin in the muscles to the 
fullest extent; in this case the odour indicated that putrefaction had 
also commenced. But in all four cases, the result obtained was precisely 
the same; 1.e. the myosin after being redissolved by the salt solution 
underwent a re-coagulation when that salt solution was diluted. Ina 
further experiment it was found that this re-coagulation was entirely 
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| prevented by a temperature of 0°C., took place slowly a few degrees 


above that temperature, and occurred readily at the temperature of the 
body. | 

I have been careful to speak of it as a recoagulation and not as a 
simple precipitation ; the former term implying that the coagulum is of 
a similar nature and formation to the clot obtained from muscle-plasma 
or blood-plasma; whereas the term precipitation would simply imply. 
that myosin, being a proteid of the globulin class, would naturally be 
precipitated by dilution, as all globulins are insoluble in very dilute 
solutions of salt. This latter statement is in fact that which one finds 
in the text books; the dropping of a solution of myosin into water is 
said to produce a precipitation of the myosin. This statement is 
perfectly true, and"if one employs a large excess of water, as is implied 
in the above-mentioned statement, the clot-like character of the 
coagulum is lost. If one dilutes the muscle extract with ten or twenty 
times its bulk of water, a precipitation of the myosin occurs usually at 
the atmospheric winter temperature in less than an hour; and the 
precipitate is a flocculent one, which soon settles to the bottom of the 
vessel; but in this case also the precipitation is more rapid at the 
temperature of the body. A myosin clot under any circumstances is 
never such a coherent coagulum as one of fibrin, and when the dilution 
of a muscle extract is so great as that described above, the stage of 
jellying is so transitory, (the clot being immediately broken up into 
flocculi when it contracts in various directions throughout a large 
volume of liquid,) that it is apt to be, and in fact generally is overlooked. 
Still by very careful and continuous observation I have been able to 
perceive it even in such cases as these. But it can be perfectly well 
observed in cases in which the dilution is slight, as in the first ex- 
periment detailed at the commencement of this section. The clot of 
myosin which is. formed has exactly the same characteristics as the 
clot of myosin formed when salted muscle-plasma is first made to 
coagulate. 

The rabbit is not the only animal on which observations have been 
made by me; but in addition to some thirteen rabbits, I have observed 


an exactly similar phenomenon in the muscles of two cats, and three 


pigeons. 

The appearance of the clot is however not the only ground on which 
I regard it as due to process of coagulation as distinguished from that of 
a simple precipitation. The other grounds on which this assertion is 
based are the following :— * 
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1, The influence of temperature. It is prevented entirely by a 
temperature of 0°C. and occurs most readily at the temperature of the 
body. 

These points have been already discussed. The remaining points 
have still to be described in detail, but it sive be convenient here to 
summarize them also. 


2. The chemical characters of the clot of myosin are the same when 
obtained from extracts of dead or living (frozen) muscle. 


3. The development of acid. The already acid extract of dead 
muscle becomes still more acid after it has been diluted and coagulation 
of the myosin in it has taken place. 


4 The influence of a ferment. The coagulation is hastened by the 
addition to the diluted muscle extract of a ferment which can be 
prepared from muscle, in the same way as Schmidt’s fibrin ferment is 
prepared from blood. 

These four points taken together show that the coagulation or rather 
the re-coagulation of myosin is something different from the simple 
precipitation of a globulin, as the result of dilution. The last three 
points have still to be supported by evidence, and as they open out into 
wider questions than the mere support of this statement with which we 
are at present concerned, it will be well to make the discussion of 
each, a separate section. 

_ The next three sections will therefore be 


IV. The properties of the muscle-clot. 


V. The development of acid during coagulation 
‘VI. The preparation and properties of myosin-ferment. 


Supposing that I make good in the three next sections the general 
statements which have just been made, it may here prematurely be laid 
down that the general conclusion to be drawn from the experiments 
described in this section is as follows :— 

The saline extracts of muscle which has undergone rigor mortis 
resemble the salted muscle-plasma previously described in that after 
dilution a coagulation of the redissolved myosin occurs, which process 
resembles in all particulars the coagulation of muscle-plasma which in the 
first instance leads to the formation of myosin. 
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IV. THE PROPERTIES OF THE Muscie-CLort. 


1. Solubility and re-coagulation. I desired in the first place to 
determine whether myosin, the proteid substance of which the muscle- 
clot is composed, undergoes a similar re-coagulation on dilution of its 
saline solutions. Myosin was prepared either from specimens of salted 
muscle-plasma, or from saline extracts of muscle which had undergone 
rigor in the following way. The saline solution was diluted with about 


_ twenty times its volume of distilled water. This dilution caused a precipi- 


tation of the myosin, which settled into a flocculent deposit at the bottom 
of the vessel in which the operation was performed ; it was then washed 
by decantation with distilled water three or four times until the superna- 
tant fluid gave only a faint indication of the presence of proteid. (It was 
found impracticable to wash it more than this, as after prolonged 
washing, the precipitate of myosin becomes quite insoluble in saline | 
solutions’.) The myosin was then dissolved by adding solid sodium 
chloride, or magnesium sulphate, as the case might be, until the strength _ 
of the salt solution reached ten or five per cent. respectively. The solu- 
tions so obtained were neutral in reaction, and after dilution with two 
or three times their volume of water underwent re-coagulation ; this as in 
the previous cases was first a jellying through the liquid, the coagulum 
subsequently contracting and squeezing out a clear fluid; this occurred 
more readily at the temperature of the body than at lower temperatures ; 
it was accompanied by the development of an acid reaction in the liquid, 
and lastly, as will be fully stated later on, the addition of myosin-ferment 
hastened the process. The myosin thus obtained was again washed and 
redissolved in salt solutions, which were again diluted, and once more 
underwent a precisely similar coagulation. I have repeated this process in 
two cases four times, and in one case five times*. The clear liquid which 
is squeezed out by the contraction of the clot of myosin obtained from 
such solutions, contains only the faintest trace of proteid, such as might 
arise from the fact that the myosin was not for the reason stated washed 
perfectly free from other proteids. There seems therefore to be no other 
proteid formed during coagulation beyond the precipitate of myosin. 
Here is a difference between the formation of myosin and the formation 
of fibrin ; for Sch midt stated that formation of the latter from fibrinogen 
under the influence of the fibrin ferment is accompanied by the simul- 


1 See below, p. 153. 


2 In prolonged experiments such as these, decomposition was prevented by the addition 
to the liquid of a few crystals of thymol. 
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taneous formation of a globulin corresponding in its character to serum 
globulin. 

We may call the hypothetical precursor of the myosin in muscle, 
myosinogen ; this after death is converted into myosin; the passing off 
of rigor mortis seems to be due to the reconversion of myosin back to the 
former condition of myosinogen. This process occurs not only in the 
muscles after death, but something very similar can be made to occur in 
artificial solutions of myosin, the clotting and unclotting being brought 
about by alternate dilution and concentration of the salt solution used 
to dissolve it. We have been tracing hitherto the analogy between the 
coagulation of blood and that of muscle; we have noted already many 
resemblances ; we have also come across certain differences of which the 
most important hitherto mentioned are the two following :— 


1, The formation of myosin from myosinogen is accompanied by 


the development of acid, van — of fibrin from fibrinogen is not 
so far as we know. 


2. The formation of myosin from myosinogen is not accompanied 
by the formation of another globulin, whereas that of fibrin from 
fibrinogen is. 

We have now the question before us, have we a third difaretse to 
deal with in the readiness with which myosin is reconverted into myosin- 
ogen, which once again with suitable treatment will become myosin? or 
is it possible by similar means once more to reconvert fibrin into fibrin- 
ogen which in its turn will again become fibrin? Such an experiment 
was performed in the following manner. | 

Fibrin obtained by whipping from ox blood was first well washed 
under a tap with running water, and then with 10 per cent. sodium 
chloride solution to remove any adherent globulin. An extract of the 
fibrin was then made with 10 per cent. sodium chloride, and another 
with five per cent. magnesium sulphate solution. Thymol was added to 
each to prevent decomposition. After standing for two days in contact 
with these solutions, a considerable amount of the fibrin was dissolved. 
These solutions of fibrin were opalescent and gave a copious precipitate on 
heating ; the heat coagulation temperature of saline solutions of fibrin is 
stated" to be between 60° and 63°. I tried the heat coagulation of the 
solutions mentioned above as well as in two others similarly prepared, the 
solution being in all cases made faintly acid by weak acetic acid. The 
results of these determinations may be stated in the following table. 


1 Gamgee, Physiological Chemistry, p. 36. Seaey 
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Opalescence | Flocculent 

: increased | precipitate 

Fibrin 1. Solution in 10°/, sodium chloride 57°C. 64°C, 
Solution in 5°/, magnesium sulphate 66° 75° 
Fibrin 2. Solution in 10°/, sodium chloride 57° 65° 
Solution in 5°/, magnesium sulphate 66° 75° 
Fibrin 3. Solution in 10°/, sodium chloride 59° 69° 
Solution in 5°/, magnesium sulphate 68° 75° 


The precipitate obtained was in all cases a finely flocculent one, and 
not at all like the sticky heat coagulum of fibrinogen. 

The precipitation at the temperature given in the second column of 
the.above table was a complete one; that is, after filtering off the heat 
coagulum, only sufficient proteid was present in the filtrate to give a 
faint xanthoproteic reaction. 

The coagulation temperature of dissolved fibrin differs according to — 
whether it is dissolved in a magnesium sulphate or a sodium chloride 
solution, It was of course possible that these two salts might dissolve 
different proteids from fibrin, and thus the difference of coagulation 
temperature accounted for; but a more probable explanation seemed to 
me to be that it was the presence of a large amount of sodium chloride in 
solution that produced a lowering of the coagulation point ; that sodium 
chloride will do so, I knew from previous experiences with this salt: 
whereas the presence of magnesium sulphate never has any influence on 
coagulation temperatures. Accordingly I subjected both solutions to 
dialysis; after three days’ dialysis the dissolved proteid was beginning 
to be precipitated; I added a trace of the salt to each to redissolve 
it, and then tried the heat coagulation temperature, and. found that 
it was 73°C. in the sodium chloride extract, and 75°C. in the mag- 
nesium sulphate extract. These two temperatures are sufficiently. near - 

_ to indicate that I was dealing with the same proteid in both cases, 
especially as its other characters were identical in both extracts. It is 
a proteid of the globulin class, which is precipitated by heat at 73°—5°C., 
whereas fibrinogen is precipitated at 56°C. It is not precipitated by 
half saturation with sodium chloride, as fibrinogen is. It is completely 
precipitated by saturation both with sodium chloride and magnesium 
sulphate. It is thus a globulin, but it is not fibrinogen. 
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- The effects of dilution upon the solutions of fibrin were then tried. 
Different specimens of the 10 per cent. sodium chloride extract were 
diluted to two, four, and six times their volume respectively ; each was 
divided into two parts, one of which was kept at the temperature of the 
air (15° C.), the other at that of the body (36°C.). In those kept at the 
temperature of the air no change occurred after the lapse of forty-eight 
hours: in those kept at the temperature of the body there was no 
change after thirty-six hours: but after forty-eight hours a slight 
precipitate formed. This precipitate consisted of exceedingly fine 
flocculi, and a stage in which there was a jellying was neither in this 
nor in similar experiments ever observed: the precipitate represented a 
very small fraction of the total proteid dissolved, and there was no 
change in the neutral reaction of the liquid. A similar experiment was 
performed with another sodium chloride extract, with two specimens of 
magnesium sulphate (five per cent.) extract, with one specimen of an eight 
per cent. potassium nitrate extract, and with one made with half-saturated _ 
solution of sodium sulphate. But in all a similar result was obtained 
to that already stated. The different solutions differed somewhat in the 
length of time after dilution at which precipitation of a small amount of 
dissolved proteid occurred ; but it was in all cases over twenty hours in 
- the cold, and over twelve hours at the temperature of 37°C. In some 
of the above-mentioned solutiuns dilution was performed with water in. 
some cases, and to an equal extent with an aqueous extract of fibrin 
ferment in others. But it was never found that the presence of the. 
fibrin ferment had any influence in hastening the precipitation. 


I should not be inclined to regard it as a coagulation on the following 
grounds :— 


1. It is never, so far as could be ascertained, a jellying throughout 
the liquid. 


2. It is not hastened by the addition of an aqueous solution of 
fibrin ferment, 

It is however a curious fact, and one worth noting, that this pre- 
_ cipitation occurred rather more rapidly at the temperature of the body 
than at the temperature of the air; and in this fact it resembles a 
ferment coagulation. 

The coagulation in muscle thus differs from that in blood in a third: 


particular which must be added to the two differences already stated 
p. 149. 


3. Myosin, the solid proteid formed when muscle coagulates, is 
12—2 


£ 4 
* 
3 
ay 
a” 
on 
Gj 
a 
a 
: 4 2) 


152 W. D. HALLIBURTON. 


readily soluble in solutions of salt; on dilution of these a recoagulation 
of the myosin occurs. Fibrin, the solid proteid formed when blood 
coagulates, is not so readily soluble in salt solutions; on dilution of these 
a small amount of reprecipitation of the dissolved fibrin occurs, but = 
does not appear to be a ferment coagulation. 


-2. Heat coagulation. The first property of the muscle-clot that we 
have hitherto considered is that of recoagulation. 

The next point we have to take up, and it is closely connected with 
the first question, is the phenomenon of heat coagulation. 

By applying the process of fractional heat coagulation, which I have 
fully described elsewhere’, to salted muscle-plasma obtained by mixing the 
plasma squeezed out from frozen muscle with five per cent. magnesium 
sulphate solution, or to that obtained by extracting frozen muscle with — 
the same solution, or to that obtained by extracting muscle which had 
undergone rigor with the same solution, I in all cases obtained the same 
series of precipitates. I also obtained the proteids in a state of com- 
parative purity by saturating the muscle-plasma, or the extract of dead 
muscle with ammonium sulphate ; this precipitates all the proteids in the 
solution. The precipitate was collected on a filter, washed with saturated 
solution of ammonium sulphate, and then dissolved again by the addition 
of water; in this solution the process was repeated, and to the solution 
finally obtained the process of fractional heat coagulation was applied ; 
the result was precisely the same as that obtained from the muscle 
extract. | 

The series of precipitates obtained in all these cases was 


47°C. A flocculent somewhat sticky precipitate. 

56°C. A more abundant, and very sticky precipitate. 

63°C. A finely flocculent precipitate : not sticky. 

73°C. A finely flocculent precipitate: not sticky. 

After filtering off the precipitate at 73°, a small amount of proteid 
remained in solution which had the characters of an albumose, but 
which will be fully described later on. 

The point to which it is necessary here to call marked attention, is 
the fact that the series of precipitates in a muscle-plasma in which 
coagulation has not occurred, is precisely the same as in an extract of 
muscle in which rigor mortis has occurred. 

The heat coagulation of the fluid left after the separation of myosin 
was er about by dilution and filtration was found to be 


1 This Journal, Vol. v. p. 157. 
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63° C. a finely flocculent precipitate, 
73° C. a finely flocculent precipitate. 


The precipitates which formerly occurred at 47° and 56° had dis- 
appeared. 

The clot formed by dilution was then washed with water and 
dissolved in magnesium sulphate solution, and by fractional heat — 
coagulation gave precipitates at 47° and 56° C. 

If, on the pattern of the word fibrinogen, we call the precursor of 
myosin, myosinogen, it is seen from the foregoing experiments that the 
myosinogen in muscle-plasma evidently consists of two proteids which 
coagulate at 47° and 56°C. respectively. But on redissolving myosin in 
a suitable saline solution, we obtain it once more reconverted into 
myosinogen, or rather into two proteids which resemble myosinogen in 
two particulars :— | 

1. They have the same heat coagulation temperatures. 

2. They are convertible into myosin by dilution of their saline 
‘solvents; and this is again a ferment coagulation. 

We have now to consider - remaining —— of the muscle 
clot. 


3. Insolubility after washing with water. This has already been 
alluded to in speaking of the preparation of solutions of the clot. If 
the myosin is washed only three or four times with a large excess of 
water, it is then readily soluble in 5 or 10 per cent. sodium chloride, 
ammonium chloride, magnesium sulphate, sodium sulphate, or potassium 
nitrate solution. But if it be washed ten or twenty times in the same 
way, decomposition in all cases being prevented by thymol, it is then 
insoluble in any of the solutions named; the longer it is washed, the 
more insoluble does it become. This fact has been previously noted, at 
any rate with regard to ammonium chloride, by A. Danilewsky’, and 
he finds it to be due to the removal of the salts, especially of the calcium 
salts which in the ash are exceedingly scanty as compared with the 
quantity in less thoroughly washed myosin. Addition of small quanti- 
ties of calcium salts renders the myosin again soluble. 


4. Conversion into syntonin. The readiness with which myosin is 
converted into acid-albumin or syntonin is one of its best marked 
characteristics, and forms an easy test in distinguishing between fibrin 
and myosin. Danilewsky finds that this syntonin, or HCl-myosin as 
he terms it, seems to depend for its formation on the presence of 


a 
} 
¥ 
x 
Br 

ry 

AG 

1 Zeit. physiol. Chem. Bd 158—1 3 

et sto m. . 8 84. 

Bi. 


154 W. D. HALLIBURTON. 


calcium, for when the myosin is washed thoroughly i in the manner first 
described it becomes insoluble in 0-1 per cent. hydrochloric acid. In 
my experiments which were performed previously to reading Danilew- 
sky’s paper, I found that the myosin was much less soluble in ‘1 per 
cent. hydrochloric acid than before, but I always obtained a certain 
t yy amount in solution. Doubtless my preparations, though sufficiently 
= well washed to be insoluble in saline solutions, were not sufficiently 
i | calcium free to be quite insoluble in dilute hydrochloric acid, 
i The description of the properties of myosinogen, the precursor of 
myosin, and also the substance formed when myosin is redissolved, will 
come more conveniently in the section which treats of the proteids of 
muscle-plasma, and of muscle-serum, than in this place. | : 
In concluding this section, the chief facts stated in it may be. 
stimmarized as follows. 


1. The musele clot consists of myosin, and is formed from a seb- 
stance (myosinogen) in the muscle-plasma which coagulates by heat at 
47° and 56°C., showing that probably it consists of two proteids. 


2. The more myosin is freed from salts by washing, the more 


insoluble does it become both in saline solutions and weak hydro- 
chloric acid, 


8. If myosin is not so thoroughly iusto as this, it is readily 
soluble in 5 or 10 per cent. solutions of sodium chloride, magnesium 
. sulphate, and other neutral salts. 

4. The solution of myosin is formed i reconverting it into 
myosinogen; that this is the case is shown by the heat coagulation 
temperature and also by the fact that if the solution be diluted with 
water (or better still, as will be shown later on, with an aqueous 
| | | solution of myosin-ferment) a clot of myosin is once more formed. __ 


5. The conversion of myosinogen into myosin differs in the above 
particular from that of fibrinogen into fibrin: other differences being, 
the formation of acid in the former and not in the latter, and the 
formation of another globulin in the latter and not in the former case. 


V. THe ForRMATION OF ACID DURING COAGULATION. 


‘It has already been mentioned, that the conversion of myosinogen 
into myosin is accompanied by the formation of acid. This is seen from 
the alkaline reaction. of salted muscle-plasma .becoming acid simul- 
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taneously with the development of a clot ; by the siti reaction of a 
solution of myosinogen becoming acid wien converted into myosin, and 
by the increase of acidity which occurs in an already acid extract of 
muscle which has undergone rigor mortis. It is this last statement 
that requires to be supported by corroborative experiments. The method 
adopted was as follows:—A two per cent. solution of sodium hydroxide 
was prepared, and placed in a burette, twenty-one drops from which 
were equal to one c.c. A magnesium sulphate (5 per cent.) extract 
made from muscle which had been removed from the animal three hours 
after death was prepared. The extract was diluted five times, ie. 500 c.c. 
of water were added to 100 c.c. of the extract; 50 cc. of the diluted 
mixture were taken immediately after dilution, and the acidity estimated 
by counting the number of drops of the soda solution it took to neutralise 
exactly. The remainder was then allowed to coagulate, and the clot 
filtered off; 50 c.c. of the filtrate were then taken, and the number 
of drops of the soda solution which it then took to neutralise were 
counted. The result showed in all cases that the acidity had increased 
after coagulation. Any putrefaction which might have given rise to 
acid was in all cases prevented by adding crystals of thymol to the ~ 
liquid. The following table represents the results obtained from three 
different extracts thus quantitatively — 


Acidity as represented by the sailed 
eat | of drops of a two per cent. soda solution 
Solution employed required to neutralise 50 c.c. of extract. 


Before coagulation After coagulation 
MgSo, extract of muscle; - 7—8 11—12 
rabbit 
5°/, MgSO, extract of muscle, 6 9 
pigeon | 
5° MgSO, extract of | 8—9 


The acidity of muscle which is produced both by the activity: of 
muscle, and on the death of muscle, is now known from numerous 
researches to be lactic acid. In the earliest stage it is probable that 
the acid reaction may be due to an acid potassium phosphate produced 
from the alkaline phosphate by the development of new phosphoric 
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anhydride from the lecithin. Th. Weyl and H. Seitler’ have shown 
that tetanized muscle contains less lecithin than resting muscle, but the 
amount is not lessened in amount corresponding to the increase of 
phosphoric anhydride; it is therefore supposed by them that the rest comes 
from some other phosphorized substance in muscle, probably nuclein. 
Numerous observers, including such names as those of Berzelius’, Du 
Bois-Reymond’, Kiihne‘, and Heidenhain’, have worked at the 
subject of the acidity of dead and tetanized muscle, and all coincide in 
opinion as to the presence of lactic acid. 

I have not myself definitely set to work at this point, but accept the 
conclusions arrived at by these observers. I have however in a few 
cases demonstrated the presence of free acid® by adding a few drops of 
the muscle extract, or the acid filtrate after separation of a clot of 
myosin from a solution of myosinogen to a test liquid consisting of dilute 
ferric perchloride and carbolic acid (10 cc. of a 4 per cent. solution of 
carbolic acid, 20 c.c. of water, and 1 drop of the liquor ferri perchloridi 
of the British Pharmacopeia). The violet solution instantly becomes of 
a faint yellowish colour. I have also performed the test as follows: the 
extract was boiled, filtered, and extracted with an equal volume of 
ether; the ethereal extract was evaporated to dryness, dissolved in 
water, and the test tried successfully with this aqueous solution. This 
test is especially delicate for lactic acid being given by a solution of it 
consisting of one part in ten thousand of water. 

Observers differ however as to the origin of lactic acid. O. Nasse’ 
believes that it comes from the glycogen present in muscle. Most observ- 
ers however seem to regard the proteids as its source; this seems to me 
to be very conclusively shown by the experiments of R. B6hm*®. Bohm 
found that the amount of glycogen in putrefaction and in rigor remains 


unaltered from that in fresh muscle ; glycogen therefore cannot be the 


1 Zeit. physiol, Chem. Bd. 6, 557. 

2 Lehrbuch der Chemie, Vol. 1x. p. 569. 

3 Gesammelte Abhandlungen zur allgemeinen Muskel und Nervenghyeth. Leipsig 1877, 
Vol. 11. p. 8. 

4 Loe. cit. 

5 Mechanische Leistung, p. 143. 

6 The description of this test for lactic acid will be found in a paper by J. Uffelmann, 
Zeit. f. Klin. Med. Bd. vit. p. 392. I find however that in a brief note (Deutsch. Archiv. 
f. Klin. Med. Bd. xxx1x, p. 242), Caher and Mering cast doubt on the trustworthiness of 
the test. 


? Zur Anat. und Physiol. der quergestreiften Muskelsubstanz. a 1882. 
8 Pfliiger’s Archiv. Vol. 23, p. 44. 
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source of the acid. I quote one of Bohm’s tables which brings out this 


point clearly. 
Fresh muscle. Musele after rigor. 
Percentage of Percentage of 
Experiment Glycogen Lactic acid Glycogen Lactic acid 
1 0-71 0°22 0-71 0:57 
2 0°28 | 0°16 0°28 0°44 
3 0-036 0°35 0-041 0°56 


_ This view of Béhm’s is endorsed by Hoppe-Seyler’. 

The close relationship in point of time which my experiments show 
between the change in the condition of the proteids, and the develop- 
ment of an acid reaction, certainly support the view that lactic acid 
arises in some way from the proteids. How this precisely takes place 
will not be known until we are acquainted with the rational formule 
of proteids. It is here however worth noting that Dr Latham’, who 
has a very distinct theory as to the composition of proteids, is also 
by his theory able to denote by a formula the way in which lactic acid 
arises after the death or during the contraction of a muscle. The theory 
is advanced that albumin is a compound of cyan-alcohols united to a 
benzene nucleus. The following are Dr Latham’s words concerning 
lactic acid. 

“The lactic acid developed when a muscle contracts or dies is a 
mixture of two kinds of lactic acid, the more abundant being paralactic 


acid or ethidene lactic acid CH, CH eeu the other, ethene lactic 
acid CH, CH, {COOE: Now by treating ethidene cyan-alcohol with acids 


or alkalies paralactic acid is obtained 
CH, CH + 2,0 = NH, + CH, CH 
[ethidene cyan- sono [paralactic acid] 


By treating ethene cyan-alcohol in the same way, ethene lactic acid 
is obtained | 


1 Physiol. Chemie, pp. 666—7. 
British Medical Journal, Yol. 1986, p. 680. 
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CH, CH,{Cy + 2H,0 = NH, + CH, CH, 
[ethene cyan-alcohol] [ethene lactic acid] 
Later on’ Dr Latham says : — | 
“There is another way in which the molecules may split up, which is 
interesting as it appears to explain the formation of lactic acid and 
carbonic. eden when a muscle contracts or dies. 


were hydrated forming CH, piles CNOH 


CH, faxo | CH, {COOH, 


and the portion CNOH then detached, the latter would be at once decom- 
posed into CO, and NH, and we should have lactic acid left. This is shown 
in the following formula 
OH CH. 
H, — OH 
CH, + 2H,0 = + CO, + NH, 
OH, {CN COOH | 
[Two molecules of the 
lowest term of the . 
cyan-alcohol series] 

The ammonia (NH,) would not be set free, but would unite with 
some other cyan-alcohol higher in the series to form a cyanamide.” 

In connection with the presence of lactic acid in muscle after death, 
Catherine Schi piloff? has formed an interesting theory of rigor mortis. 
She finds that myosin can be precipitated from its saline solutions 
by weak acids without change, and is soluble in excess; the same occurs 
in the body ; by injecting small quantities of lactic or hydrochloric acids 
(01 to 0°25 per cent.) into the vessels of a recently killed frog, the 
muscles become rigid; this passes off by injecting stronger acid 0°3 to 
05 per cent. If such stronger acids be injected in the first instance, no 
rigor, or rigor which is only momentary, occurs. After rigor, muscle con- 
tains more acid than either during rigor, or before it sets in. The 
conclusion is therefore drawn that rigor is due to the post-mortem 
development of acid, and its passing off is due to the development of 
more acid which redissolves the precipitated myosin. 

If one however examines the reasoning which results in the above 
conclusion the premisses will be found not to bear it. out. Because 
myosin can be precipitated and redissolved PY acid when in solution, or 


1 Loc. cit. 634. 
2 Centralblatt f. d. Med, 1882, 991; 
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after death in the muscles, it does not necessarily follow that this is the 
cause of rigor in the normal course of things, even if the amount of lactic 
acid is increased after rigor; for the increase in lactic acid may not only 
be the cause of rigor, it may also be the result, or merely a concomitant — 
of the coagulation of muscle. 

- ‘According to the theory which I shall presently sidrance; I believe it 
to be a concomitant merely of the conversion of myosinogen into myosin, 
and that both are due to the same cause, a ferment action. Moreover 
the theory of C. Schipiloff seems to involve that lactic acid is formed 
from something other than proteids, presumably glycogen. 

This section may be summed up by saying 

That lactic acid is formed simultaneously with the occurrence of the 
coagulation or recoagulation of myosin, the agreement in eer of time 
— that the source of the acid is a proteid. 


VI. Tue PREPARATION AND Properties OF MYOSIN-FERMENT. 


_ We.now turn to the full consideration of the ferment which brings 
about the coagulation of myosin, and to which allusion has been several 
times made in the foregoing pages. 

_ I have prepared three specimens in all; and the method of prepata- 
tion is almost precisely that adopted by Sch midt in ficaas preparation of — 
the fibrin-ferment from blood. 

Muscle was first allowed to undergo rigor; it was then chopped up 
into small pieces and kept under absolute alcohol for a long time. 

The first preparation made from cat’s muscle was kept under alcohol 
for ten months; and two preparations from rabbit's muscle were kept 
under alcohol for three months, 

The pieces of muscle after having been thus treated were then dried. 
over sulphuric acid, and powdered. An aqueous extract of this powder 
contained the myosin-ferment, as shown by the fact that dilution of 
muscle-plasma, or a solution of myosin with it brought about coagulation 
much more quickly than dilution with distilled water. 

The chemical properties of the aqueous extract were as follows : 

I. Alcohol gave a precipitate soluble in water. 

2. Boiling gave no precipitate. 

8. The xantho-proteic reaction showed that a small amount of 
proteid was present. 
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4. Nitric acid gave a slight precipitate in the cold ; this oe 
on boiling, and reappeared on cooling. 

5. On adding to the liquid after concentration a trace of copper 
sulphate and excess of caustic potash, a faint pink colour was produced 
(biuret reaction). 

Thus. myosin-ferment resembles fibrin-ferment in giving the proteid 
reactions faintly.. The reactions show however that we have to deal, not 
with an ordinary proteid, but with one which has similar properties to 
those intermediate products of peptic digestion, to which Kiihne has 
given the name of albumose; we may therefore call it muscle-albumose. 
The full details of the properties of this albumose will be given in the 
description of the proteids of muscle-plasma (section VII.). 

The question then is, what have we in the aqueous extract of dried 
muscle? Have we to deal with an albumose, and a ferment; or is the 
albumose identical with the ferment? I hope to be able to show that 
the latter is the more correct view to take. I have not found it possible 
to separate the albumose from the ferment; so that if the albumose and 
ferment are not identical, they are at any rate in very close union with 
one another. 

The ferment and albumose are precipitable by means of ammonium 
sulphate, when that salt is added to saturation ; the filtrate was freed of 
salt by dialysis, and then found to have no iennisiebtion that is, it did 
not hasten the coagulation of muscle-plasma, as the following experiments 
show that the aqueous extract of the dried alcoholic precipitate of 
muscle does. On the other hand the precipitate produced by these 
salts, on being redissolved by the addition of water and freed from excess 
_ of salt by dialysis, had the properties of the ferment as well as those of 
the albumose. 

The first experiment performed with the ferment was done roughly 
as follows—not with muscle-plasma but with extracts of already rigid 
rabbit’s muscle. The following are the details of the experiment : 


Rabbit killed by bleeding 10.15 a.m., and the muscles freed from blood by 
a streain of salt solution—the cannula being placed as in previous experiments 
in the abdominal aorta. When the limbs were examined at eleven o'clock 
they were found to be stiff; the muscles were then removed, chopped up finely, 


and pounded up in a mortar, with a saline solution, and filtered ; two extracts 
were made :— 


I. Extract made with 10°/, sodium chloride solution, 
II. Extract made with 5°/, magnesium sulphate solution. 
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With these extracts dilution experiments were performed as follows, the 
diluted specimens not being kept in an incubator, but at the temperature of 
the air, which never rose higher during the experiment than 10°C. 


I. Sodium chloride extract. 


Dilution. 5 p.m. Result. 10a.m. next day 
\ a. Diluted with an equal amount of No clot 
water. 
a’. Diluted with an equal amount of No clot 
aqueous extract of dried alco- 
holic precipitate of muscle 
b. Diluted with three times as much No clot 
water 


b’. Diluted with three times as Sanh | Good clot 
aqueous extract of dried alco- 
holic precipitate of muscle _ 


c. -Diluted with five times as much No clot? 
water 


ec’. Diluted with five times as much Good clot 
aqueous extract of dried alco- 
holic precipitate of muscle 


II. Magnesium sulphate extract. | 
Dilution. 5,30 p.m. Result. 10a.m. next day 


The dilution in each case was the 
same as performed with extract I. 


a No clot 
a’ No clot 
Slight film 
Good clot 
¢ Slight film 
c Good clot 


The experiment it is thus seen was a tentative one, and was not 
carefully watched throughout ; it shows that in the course of a very cold 


1 There was no general clotting throughout the liquid, but a particle of the dried alco- 
holie precipitate of muscle had fallen accidentally into the tube, and adhered to the glass 
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night coagulation did not oecur when the dilution of the saline extract 
was performed with water simply, but if instead of water an aqueous 


extract of the dried alcoholic precipitate of cat’s muscle was used, the 


result was the formation of a well-marked clot of myosin. 

This experiment was however sufficiently conclusive to warrant 
further investigations, and so far as it went supported the idea I had 
formed, that coagulation of myosin was a ferment; the occurrence of 
coagulation after dilution of a salted muscle-plasma, or of a saline 


extract of dead muscle, being due to the ferment present in such 


solutions but prevented from acting previously by the presence of 
excess of salt. As in the foregoing experiment, coagulation is consider- 
ably hastened by the addition of an aqueous solution of dried alcoholic 
precipitate, that is of a solution of myosin-ferment as it may now be 
called. | 

The next experiment performed with the Averacer of myouu-ferment 
was as follows: 


A 5°/, magnesium sulphate extract of rabbit's as before. 


1. Diluted four times. 
a. With water. 
b. With ferment 
In three quarters of an hour, both had clotted ; and ive minutes 
later the clot had contracted to a considerable extent. 


2. Diluted four times; all specimens kept at temperature of air 11°C. 
a. With water. Coagulation had not begun in 24 hours. - 
b. With ferment solution. Coagulation began in one hour: and an 
hour later the clot had contracted. 
c. With water; some particles of the dried precipitate being also 
added. Four hours later each particle was the centre - @ small 
clot, which later extended into the liquid. 


This shows very markedly the acceleration of the process of clotting 
produced by adding the ferment solution. 

The coagulation at the temperature of 35°C. advances so rapidly as 
a rule, that little or no difference in the rate of clotting can be made out 
between specimens diluted with water or with ferment solution. In 
some cases however by very careful watching it is possible to do so. 
This is illustrated in the following experiment which was performed 
with a 10°/, sodium chloride extract of muscle ciabii from the same 
animal. 
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10°? sodium chloride extract of rabbit’s muscle : diluted four times. 


a. With water. 
b. With ferment solution. 


Both were kept at the temperature of 35°C. The experiment was begun 
at 12.30p.m. Addition of water to the muscle extract ee. as it always 
does, increase of cloudiness. 


a b. 
12.35 p.m. Cloudy liquid Cloudy liquid 
12.40 : ” ” 
12.42 eee Bubbles beginning to 
12.54 Slight entanglement Clot well marked 
| bubbles 


1.5 Clot well marked Clot contracted 


Similar tables might be quoted at length to illustrate still further 
the activity of the several specimens of ferment prepared. They how- 
ever all illustrate the same thing, that the addition of the ferment 
solution hastens, often very considerably, the formation of the clot of 
myosin. There was however one exceptional case which I am totally 
unable to explain: the particulars of this experiment are as follows :-— 


5°/, magnesium sulphate extract of rigid muscle (from a rabbit), Each 
specimen was diluted to three times its volume ; all were re kept at the tempera- 
ture of the air. 


1. 


2. 
3. 


4. 


Diluted with water at 3.15 p.m. 

Clotting occurred at 4.55 p.m., that is in 1 hour and 40 minutes. 

Diluted at 3.16 p.m. with ferment solution prepared from cat’s muscle. 

Diluted at 3.25 p.m. with ferment solution prepared from rabbit’s 
muscle. 

Diluted at 3.45 p.m. with ferment solution prepared from another 
specimen of rabbit’s muscle. 

Clotting had not occurred in these last three preparations by ten o’clock 


the following morning. 


This experiment in its results is so opposed to the six other experi- 
ments I have performed similarly, that I am forced to put down its 
failure either to idiosyncrasy, or morbid condition of the animal employed, 
or to some mistake or accident in manipulation. 


The next experiments were —— with salted muscle-plasma: 
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that is the extracts were made when the muscle was in a frozen condition 
before it had undergone rigor; the method has already been fully — 
described. These experiments fully corroborate those just detailed and 
so bear out the ferment theory of myosin formation. I will quote two 
of these experiments, as they not only illustrate the hastening of the 
coagulation by the ferment, but were also designed to elucidate the 
question as to whether, as in the case of fibrin-ferment, exposure to a 
high temperature destroyed the activity of the ferment. The aqueous 
solution of the ferment was exposed to various high temperatures, and 
cooled; then it was added, always to the same extent, to specimens of 
salted muscle-plasma. 


Rabbit. 10°/, sodium chloride muscle-plasma, in each case diluted to four 
times its bulk, the diluted liquids being kept at the temperature of the air, 
10°C. 

a. Diluted with water ; coagulation in 14 hours. 
6. With ferment solution (cat); coagulation in 3—4 hours. 
c. With ferment solution previously heated to 50° C.; coagulation in 


34 hours. 

d. With ferment solution previously heated to 60°C.; coagulation in 
3 hours. 

e. With ferment solution pabianeed heated to 80°C. ; 3 coagulation i in 
4 hours. 


The foregoing experiment though incomplete illustrates the fact that 
a temperature of 80°C. will not destroy the activity of the myosin- 
ferment. A temperature of 80°C, does destroy the activity of the 
fibrin-ferment. A temperature of 100°C. will however destroy the 
activity of the myosin-ferment. An experiment illustrative of this is as 
follows :— 


5°/, magnesium sulphate muscle-plasma from rabbit. Each specimen was 
diluted to three times its bulk, and kept at the temperature of the air, 15° C. 

a. Diluted with water. It began to coagulate in 90 minutes. 

6. Diluted with aqueous solution of myosin-ferment (rabbit). It 
began to coagulate in 25—30 minutes. 

¢. Diluted with the same solution previously boiled. It began to 
coagulate in 70—80 minutes. — 

d. Diluted with aqueous solution of myosin-ferment prepared from 
another rabbit. Coagulation began in 20 minutes. 

e. Similarly diluted ; but a few particles of the dried alcoholic pre- 
cipitate of muscle were added also. Coagulation began in 20 
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minutes ; the specimen illustrated very well how these particles” 
become foci of coagulation. 

J. Diluted as in d; but the solution was previously boiled. Coagula- 
tion began in 90—95 minutes. 


This experiment was performed one afternoon: they were left 
standing over night; next morning there was a clot in all; but that 
in the specimens a, b, d and e was very abundant as compared with 
that in ¢ and f. 

Lastly we come to experiments performed with the muscle-plasma 
itself, as squeezed out from the muscle. The only way of testing the 
activity of the ferment on such, is to use particles of the solid precipitate ; 
the addition of an aqueous solution would introduce the additional com- 
plication of dilution. The addition of these solid particles did not 
however produce any hastening of the coagulation; probably because 
the viscous muscle-plasma is not capable of dissolving out the ferment 
from the dried precipitate before it coagulates spontaneously. In one 
case however I obtained very distinct evidence that the dried precipitate 
really does contain myosin-ferment. It was as follows :— ; 

Muscle-plasma was prepared by means of the pressure exerted by a 
lemon-squeezer in the way already described. Towards the end of the 
squeezing process, when the muscle was getting out of its frozen state, 
the plasma was collected in a separate vessel, and filtered from a few 
minute particles of muscular tissue which had got mixed with it. The 
muscle-plasma collected at the beginning of the experiment underwent 
coagulation on reaching the temperature of the air: that collected at the 
end of the experiment and filtered did not; for it must have undergone 
at any rate partial coagulation. It was kept at the temperature of 40°C. 
for some hours and even then did not coagulate: to a similar specimen 
kept at the same temperature a few particles of the dried alcoholic 
precipitate were added: after the lapse of about an hour, there was the 
formation of fine films through the liquid; it did not however become a 
jelly throughout. This seemed to me to show that, although coagulation 
had probably in great measure occurred, it required the stimulus of the 
ferment to complete the transformation of myosinogen into myosin. 

From the general similarity of the coagulation of blood-plasma and 
muscle-plasma, it might no doubt have been inferred that the cause of 
one is similar to that of the other, and that both are the result of 
ferment actions. The most striking difference, as it seems to me, between 
the two is the way in which the myosin can be so easily reconverted into © 
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myosinogen which can be then made to recoagulate with the formation 
of myosin once more; while fibrin and fibrinogen are not so interchange- 
able. One suggestion that might arise is this: if myosin can be made 
to clot and unclot so easily out of the body, is it possible that a similar 
condition exists in the body? Are these experiments in fact any con- 
firmation of Hermann’s views of the contraction of muscle being the 
partial death of the muscle? I do not myself think that they are. 
Myosin certainly will clot and unclot readily out of the body, but we 
have no proof of the formation of a coagulum during contraction ; it is 
true that lactic acid is formed both during contraction and during rigor 
mortis; but this is the only known point ‘of chemical resemblance 
between the two processes. On the other hand one physical change in 
particular shows there is a great distinction between the two processes, 
and that is the change in the extensibility of the muscle, which after 
rigor is much diminished and during contraction is increased ; that is to 
say, rigor makes the muscle less extensible because it becomes more 
solid, due to the formation of the myosin clot; but as during the contrac- 


tion of a muscle, it becomes more extensible, we may consider that in a 


sense it becomes more liquid, which is certainly against the theory of the 
formation of a solid clot during contraction. 


The next point in connection with the ferment theory of the 


- coagulation of myosin is this; is there any rise of temperature during 


the conversion of myosinogen into myosin? I have tried the experi- 
ment several times, using exceedingly delicate thermometers, but have 
never been able to detect any rise of temperature which — be 
produced by the occurrence of coagulation. 

I quote only one of these experiments as an illustration. 

Extract of rigid muscle (rabbit) was made with 5°/, magnesium sul- 
phate solution in the usual manner. 100 c.c. of this extract were taken 
and diluted with 400c.c. of water; the temperature of the air was 
156°C. The temperature of the diluted extract was noted every few 
minutes, as was also the temperature of 500 c.c. of water placed by the 
side of it, and which served as a control experiment. 
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Temperature 
2 Of diluted muscle | Of the water in the 
extract control experiment 
12.45 p.m. 14°7°C., 
12,50 14-7° 
12.55 14-75" 14-25°0. 
1.0 14°75" 14°25° 
1.5 14:8° 14:3" 
“A. 1.10 14-8° 14-4" 
1.15 14:825° 
B. 1.20 14:85° 
1.25 14-6° 
1.30 14:92° 14-65° 
1.35 14-95° 
1.50 15:0° 14-8° 


| A. 1.10. Clotting commenced. 
B. 1.20. distinct, 


It might be suggested that 500 c.c. of liquid is a large quantity to be 
raised in temperature by the production of more heat, if any such 
production does take place. No doubt this is the reason which 
prevents the increase of temperature being sufficiently great to show 
itself on the thermometer. Experiments tried with smaller quantities 
gave however equally negative results; in these doubtless the amount 
of myosin formed was too small to give rise to sufficient heat to raise the 
temperature of the fluid. I have not made any thermoelectric ob- 
servations. 

It was stated at the commencement of this section that it had not 
been found possible to separate the ferment from muscle-albumose. 
Ammonium sulphate was employed to precipitate the albumose present 
in the aqueous extract of the dried alcoholic precipitate of muscle. The 
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precipitate was collected on a filter; the filtrate was free from proteid of 
avy kind. It was freed from ammonium sulphate by dialysis, and was 
then found to have no power of hastening the formation of myosin. 
This is illustrated by the following experiment. 


Cat’s muscle. 5°/, magnesium sulphate extract prepared in the usual way. 

Two specimens were diluted to three times their volume with water, and 
two others with the filtrate mentioned above. Coagulation occurred in all at 
the temperature of the air (17°C.) in from 8—9 hours, but the clot was a 
small one. 


The precipitate produced by saturating the aqueous extract of the 
dried alcoholic precipitate of muscle with ammonium sulphate was 
collected on a filter, washed with saturated solution of ammonium 
sulphate, and redissolved by the addition of distilled water. 

This solution of the albumose was freed from ammonium sulphate by 
dialysis, and it was found to possess the power of hastening the formation 
of myosin. This is illustrated by the following experiment, which was 
performed with the same extract, as in that just related. 


Two specimens were diluted to three times their volume with the solution 
of the albumose just mentioned. Coagulation occurred in each in from 2—3 
hours, and the clot formed was a large one. 


The last point which has still to be considered is ee very important 
one, whether the fibrin-ferment, and the myosin-ferment, are or are not 
identical. The term ferment is at present a conventional one; we use it 
to denote an agent of unknown but probably unstable chemica! nature 
which by its presence induces certain changes in the materials with 
which it comes into contact. These enzymes however agree in certain 
points with regard to their manner of action, the chief being the 
influence of temperature upon them: they act most favourably at the 
temperature of the body, are prevented from acting by a low tempera- 
ture, and are destroyed by a high temperature. 

The fibrin-ferment has not so far as I am aware been obtained so 
free from proteid, that it does not give the proteid reactions faintly. 
Dr Gamgee’s’ method of preparing fibrin-ferment also gives a solution 


which contains a proteid, which seems to have the properties of a 


globulin. The myosin-ferment is also, as I have shown, either a proteid 
(of the albumose group), or is so closely associated with a proteid, that 


-I have not been:able to dissociate them. So far then, there are certain 


see of resemblance between the fibrin-ferment and myosin-ferment. 
This Journal, Vol, 11. p. 145. 1879. 
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We have already seen one point of difference ; viz—that the activity 
‘of the fibrin-ferment is destroyed by a temperature of 80°C.: that of 
the myosin-ferment is not destroyed till the temperature of 100°C. is 
reached. 

But with our imperfect knowledge of the constitution of ferments, 
and even of proteids, the burden of proof or disproof of the identity of 
the ferments will rest not so much upon these properties as upon the 
activity of the ferments. In other words, we have to answer these two 
questions : 

1. Will myosin-ferment hasten the of 

2. Will fibrin-ferment hasten the coagulation of muscle-plasma ? 

If the answer to both these questions is in the affirmative, we may — 
conclude that fibrin-ferment and myosin-ferment are identical; if in 
the negative, we may conclude that they are not identical. 

Before considering the experiments which I have performed to 
elucidate this point, it is first necessary to allude to certain papers which 
appeared from the Dorpat laboratory in the year 1883. 

Edgar.Grubert’ remarks that there is great analogy between fibrin 
formation, and the rigor mortis of muscle; hence there is great proba- 
bility that the latter is due like the former to a ferment action. Frogs 
were the animals employed in Grubert’s experiments; the blood was 
removed by an injection of salt solution; the muscles were removed, 
cut up finely, subjected to pressure, and to the juice was added twelve 
times its volume of absolute alcohol: the precipitate was collected, 
dried and extracted with water. This extract had great power in ~ 
causing the coagulation of salted blood-plasma; the ferment seems to 
be formed at the moment of rigor mortis. Injection of a concentrated 
solution of fibrin-ferment into the vascular system of a frog from which 
the blood had been removed by a stream of salt solution, produced 
however no hastening in the onset of rigor. The identity of the ferment 
obtained from muscle and from blood was also shown by the fact that 
the watery extracts of muscle free from blood contained almost no fibrin- 
ferment, but produced rapid coagulation of filtered horse-plasma, which 
can only be explained by supposing that they contain the same een 
from which the ferment is formed by the blood-plasma. , 

In connection with this last statement it is necessary to sited toa 
paper by F. Rauschenbach*. He states that the filtered blood-plasma 


. 1 Kin Beitrag zur Physiologie des Muskels. Inaug, Diss., Dorpat, 1883. 
Ueber die Wechselwirkungen zwischen und Blutplasma, Inang. 3, 
Dorpat, 1883, \ 
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of the horse contains but little ferment, and less paraglobulin than 
plasma to which white corpuscles are added ; two products of the action 
of plasma on the cells being the ferment and paraglobulin. The 
ferment does not exist in the cells as such, but as something which is 
subsequently changed into it. He further supposes that leucocytes are 
of two varieties ; a leucocytes which split up in the way just mentioned, 
and £ leucocytes which do not, and which remain unaltered in the 
plasma. 

Continuing now the summary of Grubert’s paper, he goes on to 
say, that greater ferment action was obtained if instead of the muscle 


_ itself, the juice pressed out from the muscle was coagulated by alcohol. 


The separation of the muscle-juice from the muscular tissue seems to 
have therefore the same effect as the removal of the blood from the 
vessels, 

J. Klemptner' has worked at another aspect of the same question. 
He says that the quantity of fibrin-ferment in living muscle, as well as 
in that which has undergone rigor, is very small and variable. Rigor 
was hastened by injecting water, or better a 2 per cent. solution of 
caffeine into the vessels of one leg of a frog from which the blood had 
been removed by a stream of salt solution; the other leg served fora 
control experiment. The quantity of ferment in the expressed juice, 
and also in the watery extract of the dried alcoholic precipitate, was 
tested by noting the time in which coagulation was produced in 
Schmidt’s salted -blood-plasma: the leg in which rigor had occurred 
contained more fibrin-ferment than the other. The ferment solutions 
obtained from muscle work much more slowly on salted plasma than 
those obtained in the usual way from blood; the amount of ferment 
obtained from frog’s blood is however not so great as that obtained 
from the blood of warm-blooded animals. 

The last of this series of dissertations is from the pen of Ernst 
Kiigler*, whose researches were on the muscle of mammals, and there- 
fore bear more directly than the preceding papers on the present 
question. The animals used were dogs; the blood was washed out of the 
vessels by salt solution; the muscle was rethoved and divided into two 
parts: one half was cut up and kept in ice till the next day; in thé case 
of the other half caffeine was injected and after rigor the comparison 
was made as in Klemptner’s experiments. He found that muscle 

1 Ueber die Wirkung des destillirten Wassers, und des Caffeins auf die Muskeln und iiber 


die Ursache der Muskelstarre. Inaug. Diss., Dorpat, 1883. 
2 Ueber die Starre des Siugethiermuskels. Inaug, Diss., Dorpat, 1883, 
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always contains fibrin-ferment, that great differences exist as to its 
amount in frog’s muscle, but that most occurred in that which had 
been made to undergo rigor by the action of caffeine. The muscle juice 
itself was much more active than the watery extracts of the alcoholic 
precipitate. 

The conclusions that one can draw from the hitegeing summaries of 
these papers are as follows :— 

1. In answer to the question—Does fibrin-ferment hasten the 
formation of myosin? we must say—that so far, as these experiments 
give any answer at all to this question, the answer is in the negative. 
2. The answer to the question—Dves the ferment obtained from 
muscle hasten the formation of fibrin in blood-plasma? is an uncertain 
affirmative. The fresh aqueous extract of muscle certainly does produce 
a hastening of the formation of fibrin, but an aqueous extract of the 
dried alcoholic precipitate of muscle contains very little ferment, and 
that in variable amount, and sometimes has so little influence in 
producing the formation of fibrin, that recourse is had to the theory 
that it is the precursor of fibrin-ferment which is present in the fresh 
juice, not fibrin-ferment itself. 

Passing now to the experiments which I have myself performed in 
attempting to answer the two questions already propounded: they may 
be easily arranged into two categories :— 

1. Experiments designed to ascertain whether fibrin-ferment pro- 
duces any hastening in the formation of myosin. 

2. Experiments designed to ascertain whether myosin-ferment pro- 
duces any hastening in the formation of fibrin. 

These will be taken seriatim. 


1. Experiments designed to ascertain whether fibrin-ferment produces 
any hastening in the formation of myosin. The results here obtained 
are entirely negative, and so confirm the experiments of Grubert,, who 
found that injection of a concentrated solution of fibrin-ferment into 
the vascular system of a bloodless frog produced no hastening of rigor 
mortis. I have not however followed Grubert’s method, but experi- 
mented on the same plan by which I have been enabled to show that 
the aqueous extract of the alcoholic precipitate of muscle contains a 
myosin-ferment. That is to say, saline extracts of muscle were taken 
and diluted with solution of fibrin-ferment', and the time at which the 


: The fibrin-ferment employed in haele and subsequent experiments was prepared from 
horse’ 8 serum by Schmidt’s method. 
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coagulation of myosin occurred noted in comparigon with specimens of 
the same muscle extract, similarly diluted with Water, and also with 
solution of myosin-ferment. The result was that in those specimens 
which were diluted with the solution of myosin-ferment, coagulation — 
occurred more rapidly than in those which were diluted either with 
water or with a solution of fibrin-ferment; and that coagulation occurred 
simultaneously in those diluted with water and those diluted with 
solution of fibrin-ferment. 
I quote the following as an illustrative experiment. 


Rabbit’s muscle-plasma prepared by extracting the frozen muscles (freed 


from blood in the usual way), with 10°/, sodium chloride solution, and also 


with half-saturated sodium sulphate solution. — 


1. 10° » sodium chloride muscle-plasma. 
a. Diluted with an equal amount | of water 


24 hours afterwards, having been | Noclot | No clot Slight clot 
exposed to the temperature of the 
air 13°—14° C. for that time 


6b. Diluted with three times its volume of solution of fibrin-) of solution of 


The liquid became cloudy immediately | Became cloudy | Became cloudy 


It was kept at the temperature of the |Kept at the tem-|Kept at the tem- 
air, and myosin coagulated in from 15— | perature of the | perature of the 
18 hours air. air. 
Coagulation in | Coagulation in 
15—18 hours 2—3 hours 


2. Sodium sulphate (half-saturated) muscle-plasma. 
a. Diluted with three times its | Diluted with three times its volume 
volume of water of solution of fibrin-ferment,. 
Coagulation did not occur after 24 hours in either specimen: the fluids 
being kept at the atmoxpheric temperature. 


b. Diluted with six times its Diluted with six times its volume 
volume of water of solution of fibrin-ferment. 


Coagulation in both occurred at the temperature of the air in from 
20—24 hours. 


In other specimens particles of the dried alcoholic precipitate of 
serum were added to specimens of diluted muscle-plasma; but here again 
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there was no hastening of the process of coagulation, nor did the 
particles of precipitates become foci of coagulation as do the particles of 
the dried alcoholic precipitate of muscle. 


2. Haperiments designed to ascertain whether myosin-ferment pro- 
duces any hastening of the formation of fibrin. In these experiments 
the results I have obtained are also entirely negative. The method of 
the experiments was as follows :—salted plasma, usually of the horse, was 
obtained by receiving the freshly drawn blood into an approximately 
equal volume of a saturated solution of sodium sulphate ; the mixture 
was kept in a cool room till the corpuscles had subsided, and then the 
supernatant salted plasma was pipetted off. Specimens of this salted. 
plasma were diluted to equal extents, usually to five or six times their 
volume, with water, with solution of myosin-ferment, and with solution 
of fibrin-ferment respectively; the time of dilution, and the time at 
which coagulation occurred at the atmospheric temperature, were care- 
fully noted, and the results are embodied in the following tables. 


Horse’s sodium sulphate plasma. Diluted in each case six times. 


A. B. 


With solution of |With solution of myo- 
With water fibrin-ferment _| sin-ferment from cat 


Coagulation 230 minutes 81 minutes 226 minutes 
occurred in 


The next experiment illustrates the same fact :—_ 


Horse’s sodium sulphate plasma. Diluted in each case six times, 


A. B. D. 


" With solution of | With solution of 
With solution of 
With water myosin-ferment | myosin-ferment 


Coagulation} 154 minutes | 65 minutes 180 minutes | 150 minutes 
occurred in | 


In other words, the coagulation of the plasma was invariably 
hastened, as illustrated in the two foregoing experiments, by the addition 
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of fibrin-ferment, while specimens to which a solution of myosin-ferment 
had been added coagulated at approximately the same time as those 
which had been diluted with water simply ; sometimes a little before, 
sometimes a little after these. 

These solutions of the ferment were cba by extracting the 
dried alcoholic precipitate with cold water. It was found however in 
the case of fibrin-ferment, that if the water used to extract the ferment 
from the dried alcoholic precipitate of serum was not cold but warm 
water, the solution of fibrin-ferment obtained was more concentrated or 
at any rate more active; the warm extract was always allowed to cool 
to the temperature of the air before it was used. The alos experi- 
ment ates this. 


Horse's sodium sulphate plasma. Each specimen was diluted six times. 


1. Diluted exbrect Coagulation occurred in 50 minutes 


2. ditto 5, 
3. - ditto . 
4. Diluted with a solution of fibrin. 

ferment made with water at 

the temperature of 45°C. and as 


In this experiment it is necessary to call attention to another point ; 
namely that the coagulation does not occur absolutely simultaneously 
in specimens apparently under the same conditions; the tempera- 
ture of the air, the presence of draughts, and the shape of the con- 
taining vessel are probably the chief varying conditions which produce 
these slight differences. It need hardly be said however that care was 
always taken to have as far as possible all these conditions as much 
i alike as possible. 

i Having performed this and one similar.experiment on fibrin-ferment 
a with a corroborative result, it was thought advisable to try a similar 
experiment with the myosin-ferment. If warm water be used with 
which to extract the dried alcoholic precipitate of muscle, not only 
would a stronger solution of the myosin-ferment be obtained, but also 
any fibrin-ferment which might be present and mixed with it, would 
run a better chance of getting into solution. The result is illustrated 
by the following table. 
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Horse’s plasma, diluted six times in each case. | | 
1. Dilution with water Coagulation occurred in 154 minutes 
2. Dilution with an extract of 
dried alcoholic precipitate of 
cat’s muscle made with cold 
water 
3. Similarly diluted, but the extract 
‘was made with water at the 
temperature of 45°C. and the 
extract cooled before being 
4. Dilution with an extract of 
dried alcoholic precipitate of 
rabbit's muscle made with 
cold water 


5. Similarlydiluted, but the extract 
was made with water at the 
temperature of 45°C. and the 
extract cooled before being 
used ” ” 

To a certain extent this experiment confirms Grubert’s statement 
that the fibrin-ferment is present in muscle; that is, the muscle extract 
hastens the coagulation of blood-plasma slightly ; thus showing that the 
fibrin-ferment if present at all is in very small quantities; but it is not 
conclusive, as it has already. been shown that as great differences in the 
time of coagulation occur in specimens which apparently are under 
similar circumstances, i.e. diluted to the same extent and with the same 
liquid. It would therefore not be fair to draw conclusions from a single 
experiment. Other experiments showed however that there was always 
a slight hastening of the coagulation as in the experiment just recorded. 

Fresh muscle-juice however has a very marked influence indeed upon 
the coagulation of blood-plasma. On adding a few pieces of fresh muscle 
(from which the blood has been removed), or the juice expressed from it, 
to specimens of diluted salted plasma the coagulation of the plasma 
occurs in a few minutes, whereas, if water was employed alone as a 
diluent, hours might elapse before coagulation set in. 

This is illustrated by the following experiment. 


Rabbit's sodium sulphate plasma. Each specimen was diluted to six times 
its volume, and all were allowed to.remain at the atmospheric temperature. | 
1. Diluted with water Coagulation occurred in 95 minutes 


2. Diluted with water; a few pieces 
of cat’s muscle free from blood 
added 7 
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When the juice expressed from the muscle was mixed with water, 
and this diluted muscle-juice added to the plasma, the hastening of 
coagulation was even more marked ; as is seen in the following experi- 
ment. 


Horse’s sodium sulphate plasma. Diluted in each case with six times its 
volume of liquid. 


1. Diluted with water Coagulation occurred in 96 minutes 
2. Diluted with a watery extract of . 


This was always found to be the case, and the hastening of the 
coagulation is so pronounced, that it is remarkable if such hastening is 
due to fibrin-ferment, that it is not possible to obtain a very active 
fibrin-ferment from the alcoholic precipitate of muscle. 

The action of fresh muscle upon blood-plasma must either be due to 
fibrin-ferment, or to something else. It seems improbable that it is due 
to fibrin-ferment because so little fibrin-ferment is obtainable from it. 
What then can be the other substance to which the action of muscle- 
juice is due? Grubert as we have already seen suggests that it is the 
problematical precursor of the ferment, which is converted into the 
ferment by the action of blood-plasma. | 

I sought to elucidate the question by seeing at what temperature the 
power of the muscle-juice to exert this power is destroyed. 

A large quantity of diluted muscle-juice was obtained’ by pounding 
finely divided muscle (freed from blood in the usual way) with water. 
The water was found to contain all the proteids of the muscle-plasma 
in small but quite appreciable quantities: they could for instance be 
separated from one another by the process of fractional heat coagulation, 
the series of precipitates occurring at the successive temperatures 47°, 
56°, 63°, and 73°C. The proteids of the globulin class contained in 
this series were enabled to enter into solution by the salts present in the 
muscle, which were dissolved at the same time. This aqueous muscle 
extract was heated to various temperatures; the precipitate which 
occurred was filtered off in some cases, not in others, and the time 
at which coagulation occurred in the specimens of salted blood-plasma 
to which it was added accurately noted. | 

The following illustrates the result obtained :— 
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Horse’s plasma. Diluted to six times its volume in each case, and allowed 
to stand at the atmospheric temperature. In the cases in which the diluting 
fluid was heated, it was always cooled down to the temperature of the air 
before being added to the plasma. | 


occurred 
1. Diluted with water 96 minutes. 
2. Diluted with fresh 3 
muscle extract 18 
Previously heated to 40° C. 
4. ” 50° 23 ” 
5. ” ” 55° 23 
6. ” ” ” 55° 23 ” 
7. ” ” 60° 108 9? 
8. ” ” ” 65° 104 ” 
9. ” 70° 96 


From which it is seen that the activity of the substance in muscle 


which brings about the coagulation of blood-plasma is destroyed by a — 


temperature between 55° and 60°. Inall the foregoing specimens, if any 
proteid were precipitated by heating the muscle extract, the precipitate 
was removed and the filtrate used as the diluting fluid. 

In two specimens the process of filtration was omitted, and the 
flocculi of suspended coagulated proteid were mixed in with the plasma, 
The particulars of these two cases are as follows :— | 

10, Diluted with fresh muscle extract peviouiies heated to 60° 46 minutes, 
11, ” ” ” 80° 55 ” 


In which it is seen that the coagulation of the blood-plasma did not 
occur so quickly as when the muscle extract had not been heated, but 
still coagulation was more rapid than when water was used for the 
purpose of dilution. 

The following experiment illustrates the same facts. It was per- 
formed in a similar way; the muscle extract was heated to various 
temperatures, and cooled before being added to dilute the horse’s salted 
plasma employed in this as in the preceding experiment. With each 
however a control experiment was done in which water was used to 
dilute the plasma to an equal extent (six times the volume of the 


plasma employed), which had been heated to the same temperature and 
then cooled. 
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The following table gives the results. 


A. B. 
Diluted with water | Cossulation | niioted with muscle extract | Coagulation 
1. At temperature of 1. At temperature of | — 
air 13°5° C. 56 minutes air 13°5° C. 13 minutes 
2. Heated previously 2. Heated previously 
to 40°O, | 46, to 40°C. | 14 ,, 
3. ” re 50° 47 ” 3. ” ” 50° 14 ” 
4 » 55° 4. »» 55° 
5. yy » 60 | » 60 (53, 
6 ” ” 70° 54 ” 6. ” ” 60° 48 yy 
7 ” ” 80° 49 ” ” 55 ” 
8. ” ” 
but the ipitated pro- 
teid off | 24 ,, 


This ‘again shows, that the substance which is the active agent in 
producing coagulation can be destroyed by heating the muscle extract to 
60° C. 

At what temperature is fibrin-ferment destroyed? The text books 
state that it is destroyed by a temperature of 80°C.; and this I have 
confirmed in a few experiments. The following will serve as illustra- 
tions 

Horse’s plasma. Dilution in each case six times the volume of salted 
plasma used. 


in 
1. Diluted with solution 
of fibrin-ferment Previously heated to 40°C. 81 minutes. 
5. ” ” 75° 135 
” » 80° 


It is between 75° and 80° then that the activity of the fibrin-ferment 
is destroyed. The plasma used in this experiment will be seen to be one 
in which coagulation occurred very slowly; three further experiments 
were performed with it which illustrate that a heightened temperature 


has no effect in altering the ability or rather inability of myosin-ferment 
to hasten the formation of fibrin. 
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Coagulation occurred in 
7. Diluted with solution at temperature of air ; 
of myosin-ferment : 13°5° C. 226 minutes. 
previously heated to 
80°C, 
9. Diluted with water 


The fibrin-ferment in experiments 5 and 6 above was no doubt exposed 
to the temperatures of 75° and 80°C. for too short a time (2 or 3 


minutes) to completely destroy its activity, as is seen by comparing 


them with experiment 9 in the above list. 
A second experiment which illustrates the destruction of the activity 
of the fibrin-ferment by a temperature of 80°C. is the following :— 


- Horse's salted plasma. Diluted to six times its volume in each case, and 
each allowed to stand at the atmospheric temperature. 


1, Diluted with water Coagulation occurred in 263 mins. 


2. Diluted with fibrin-ferment solution 
3. Diluted with fibrin-ferment solution 
previously heated to 80°C. 
ditto ” ” 167 ,, 


This is an experiment which illustrates the effect of temperature very 
forcibly, as the plasma employed was one on which the activity of fibrin- 
ferment could be very well demonstrated. | 

At first sight then it seems that the point is so far settled: the activity 
of the fibrin-ferment is destroyed at a temperature of 80°C., that of 
the substance in muscle which induces coagulation at a temperature 
between 55° and 60°C.; therefore the two cannot be identical. But 
the question cannot be answered in quite so rapid a fashion, for there 
is yet a third possibility. It may be that the precipitate which occurs 
at 56°C. carries down with it mechanically the ferment, and that this 
is removed when the coagulated proteid is filtered off; and thus it 
appears that whatever it is that induces coagulation has its activity 
destroyed at that temperature. At first sight this is a valid objection; 
for it is seen that when the coagulated proteid is not removed by 
filtration, there is still some acceleration of the process of coagulation 
of the blood-plasma. But on examination this objection will not be 
found to hold good; for the presence of particles of coagulated proteid 
suspended in the blood-plasma might also by mechanical means hasten 
the formation of fibrin, just as solid particles of carbon will. I 
am the more inclined to accept this explanation, because these solid 
particles of coagulated proteid are equally efficacious in producing a 
slight hastening of the’ formation of fibrin after they bave been heated 
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to 80°C., ie. above the temperature at which fibrin-ferment is destroyed. 
If fibrin-ferment was mechanically carried down by the proteid which is — 
precipitated at 56° C., why should it not be equally mechanically carried 
down by the proteid which coagulates at 47°C.? But we have seen 
that after filtering off the 47° coagulum, the ability of muscle-juice to 
hasten the formation of fibrin remains as great as before. 

Experimenta! proof is however better than theorising, and therefore 
I performed the following experiment of mixing muscle-juice with real 
fibrin-ferment, and then seeing whether the proteid which is precipitated 
in the former by the temperature of 56°C. carried down with it the 
ferment or not; and the result of the experiment showed that it did not. 
The details are as follows :— 


Horse’s sodium-sulphate plasma. Each specimen was diluted to six times 
its bulk. The specimens were all allowed to stand after dilution at the 
atmospheric temperature (14° C.). 


1. Dilution with fibrin-ferment solution Coagulation in 18 mins. 
2. ” ” ” eae ” 19 ” 
3. ” ” ” 9 ” | 15 ” 
4, »» aqueous extract of fresh muscle 
5. aqueous extract of fresh muscle 


previously heated to 60° and 
filtered 40 
equal parts of extract of fresh 
muscle and  fibrin-ferment 
solution 14 ,, 
, ditto 14 
_ ee » equal parts of extract of fresh 
mousecle and fibrin-ferment 
heated to 60°C. filtered and 
cooled 
9. ditto except that filtration was 
not performed 12 
10. a » equal parts of extract of fresh Sane 
muscle and _fibrin-ferment 
heated to 80°C. filtered and 
cooled 


= 


” 


” 38 ” 


We have now reached this point in the argument. An extract of 
fresh muscle has a very great power of hastening the formation of fibrin. 
This is either due to fibrin-ferment or to something else. It is probably 
not fibrin-ferment, first because little or no fibrin-ferment can be obtained 
from the muscle (what little there is could be quite well explained by 
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supposing its source to be some small amount of lymph left in the | 
muscle after the blood has been washed out), and secondly, because its 
activity is destroyed at a much lower temperature than that at which 
the activity of fibrin-ferment is destroyed. . 

We also see that the substance in muscle which hastens fibrin 
formation is one that has its activity in this direction destroyed by the 
prolonged action of alcohol, and also by a certain high temperature. 
What substance is this more likely to be than a proteid which is 
coagulated by alcohol, and by heat? Now we have four of such 
proteids in muscle; which of them is it? Surely the one which coagu- 
lates hetween 55° and 60°C. the temperature at which the activity of 
the substance in question is destroyed. In other words, it is myosin, or 
rather that constituent of myosin, or myosinogen which coagulates at 
56°C., with which we have to deal. So much might be concluded by 
reasoning alone; the next proceeding was to put-this hypothesis to the 
test of experiment. 

Myosin was prepared by taking a magnesium sulphate extract of 
muscle, and diluting it with a large amount of water, so causing precipita- 
tion of the myosin ; this was washed by decantation with water, dis- 
solved again in 5 per cent. magnesium sulphate solution, again precipi- 
tated and again redissolved ; this process was then repeated for a third 
time; the final solution of myosin so obtained was used in the following 
experiment. 


Pig’s sodium sulphate plasma was ‘diluted in each case to six times its 
volume. 
1. Diluted with 5 per cent. magnesium sulphate ili: 


2. Diluted with solution of myosin in 5 per cent. magnesium. sialnhabe 


solution. 

3. Similarly diluted, meee that the diluting liquid was first heated to 
47°C. and the heat coagulum which occurred at that temperature 
(and which was in this case a very small one) filtered off. 


Coagulation not having occurred after 16 hours at the temperature — 
of the air (14°C.) in either specimen, each was again diluted with 
an equal volume of water; the first specimen coagulated in four hours, 
the second, that to whioh the myosin was added, coagulated in 30 
minutes, the third coagulated i in 35 minutes, 

Two other specimens of myosin were also prepared, and they gave 
corroborative results when tested on the blood plasma of the pig, 
horse, rabbit, and pigeon. — 


PH. VIII. 14 
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I will quote the experiment with horse’s plasma. 


Horse’s sodium sulphate plasma. Diluted in each case to six times 
its volume ; each specimen allowed to stand at the temperature of the air. 
1. Diluted with water: coagulation occurred in 20 minutes. 
2. Diluted with solution of myosin in 2 per cent. sodium chloride solution : 
here in spite of the salt present, coagulation occurred in 8 minutes. 


This therefore confirms the hypothesis advanced that it is the 
proteid in muscle-juice coagulating at 56°C. which gives that juice 
its power of hastening the formation of fibrin, such power not = 
due to fibrin-ferment. 

How myosin acts in this way, I do not pretend to be able to say. It 
may be, as Grubert suggests, that fibrin-ferment is formed from it 
by the action of blood-plasma. Myosin is not however the only proteid 
the presence of which favours the conversion of fibrinogen into fibrin ; 
Hammarsten’ has _— — serum globulin and casein act in a 
similar way. 

Before concluding this section on sens farses, it is necessary to 
allude to the existence of yet other ferments which have been shown to 
exist in muscle. Briicke has shown that muscle in common with most 
of the tissues of the body contains a small quantity of pepsin. This will. 
be more fully entered into in a future paper. O. Nasse* showed that 
the muscle-juice also contains an amylolytic ferment which he supposes 
to act in the transformation of glycogen into sugar after death. I have 
made a few experiments on this subject, and can fully confirm Nasse’s 
statement of the existence of this ferment ; a watery extract of the dried 
alcoholic precipitate of muscle changes glycogen into a reducing sugar ; 
it will also act upon starch in a similar way, and in both cases an 
intermediate product of the nature of dextrin is formed. The action on 
starch is however slow: at the temperature of 40°C. grape sugar is not 
discoverable by Fehling’s test till after the ferment has acted upon it 
for five or six hours. 

It now only remains to summarize the conclusions arrived at as se 
result of the observations recorded in the present section :— 

1, By keeping muscle under alcohol for some months, most of the 
proteids are coagulated. Water will however extract from the alcoholic 
precipitate a proteid which has the characters of an albumose. 


1 “ Ueber das Fibrinogen.” Pfliger’s Archiv, xrx. 568. 
2 Zur Anat. und Physivl. der quergestreiften Muskelsubstanz. Leipzig, 1882. 
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2. This albumose has the properties of a ferment in causing the 
coagulation of muscle-plasma; or it may be that the ferment is in very 
close combination with the albumose. 

3. This myosin-ferment as it may be termed does not hasten the 
coagulation of blood-plasma; nor does fibrin-ferment hasten the 
coagulation of muscle-plasma; the two are therefore not identical. 

4. The juice expressed from muscle however hastens very markedly 
the coagulation of salted blood-plasma. This is not due to its contain-— 
ing fibrin-ferment, but it is due to the proteid substance myosincogen, 
which enters into the condition of a heat coagulum at 56°C. Fibrin- | 
ferment is absent, or only present in exceedingly small quantities. 

5. The activity of fibrin-ferment is destroyed at 75°—80° C.; the 
activity of myosin-ferment is not destroyed till the temperature of 100°C. 
is reached. 


VII. THE Proretps or MUSCLE-PLASMA AND MUSCLE-SERUM. 


Muscle-plasma differs from muscle-serum in the same way that 
blood-plasma differs from blood-serum; the serum in each case is the 
liquid residue after the removal of the clot, of myosin in the case of 
muscle, of fibrin in the case of blood. a 

Kiihne stated that the neato serum contains three proteids, as 
follows :— 

1. A proteid which coagulates at 45°C. 

2. A proteid which coagulates at 70°—73°, and which has the pro- 
perties of serum-albumin. 

3. An alkaline albuminate, or as we may term it musele-caaite, 
which is precipitable by acids. 

Muscle-plasma would then contain these same three proteids, with 
the precursor or precursors of myosin in addition. I am not aware of 
any previous research directed to ascertain the properties of: such 
precursors of the muscle-clot. The name myosinogen, which I have 
used throughout this paper, was first suggested by Nasse. 

This section will treat of my experiments directed to determine, by 
the processes of heat coagulation and saturation by certain neutral 
salts, more accurately the differences between the proteids of me muscle- 
plasma and those of the muscle-serum. 

In the first place the salted eepeamanal was sibbantes to a 
process of fractional heat coagulation. 


: Of rabbit, oat, dog and pigeon. 
14—2 
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Precipitates occurred at the following temperatures : 47°, 56°, 63°, 
73° C.; that is, four proteids, precipitable at the above temperatures, are 
present; after filtering these off, a proteid with the properties of an 
albumose is present; this is not coagulable by heat. — 

The next liquid investigated was the saline extract of muscle which 
had undergone rigor mortis. Heat coagula occurred in this at the 
same four points, and the albumose also was present, remaining unpre- 
cipitable by heat. 

The third liquid investigated was the liquid which remained afer 
the clot had been separated off by the process of dilution and filtration 
already described. This liquid, which may be called salted muscle-serum, 
gave heat coagula at 63° and 73°C., and contained the albumose. The 
two first (i.e. those coagulating at 47° and 56°C. respectively) had — 
peared to form the clot. 

The fourth liquid investigated was the myosin redissolved in a 
saline solution; this gave coagula at 47° and 56°. That is, the two 
proteids seosent in the muscle-plasma, which had gone to form myosin, 
can be also recognised by heat coagulation when that myosin is redis- 
solved by a 10 per cent. sodium chloride, or 5 per cent. magnesium 
sulphate solution. The facts ascertainable by heat coagulation can be 
represented as follows in a tabular form. | 


‘ Proteid precipitated by heat at 47° C. ): Proteids which go to 
0 
Proteids of the ” ” n- ret form the muscle-clot. 
muscle-plasma 730 Proteids of the 


No substance of the nature of an alkali-albumin or muscle-casein, 
was discoverable. The reason why it has been stated to exist rests in the 
fact that one of the above proteids is readily precipitated by acids, and 
is slightly soluble in excess, as will be stated in its proper place. But 
after the separation of the heat coagula, there is no proteid present 
which is precipitated by acid in this way. Acid-albumin or syntonin 
in extracts of muscle which had undergone rigor mortis was also absent. 

Next, the question was investigated as to whether peptone is 
present. W.Fischel' has stated that peptones are present in myomata 


— of the uterus, though absent from the normal uterine walls. M.Muira’ 


has found peptone in the heart, liver, and spleen in cases of puerperal 


1 Zeit. physiol. Chem. x. 14, 15. 
2 Virchow’s Archiv, Bd, 101, 316.. 
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fever and phosphorus poisoning. These are the only researches I can 
find designed to investigate the presence or absence of peptone in 
muscular tissue. These investigators however did not use the latest 
and best method of separating peptones from other proteids, viz. the 
method of saturation with ammonium sulphate ; it is therefore possible 
that they may have been dealing with excess of the albumose normally 
present in muscle, 

The method of separating peptones from other neotids by means of 
ammonium sulphate was first devised by J. Wenz’. He found that by 
saturating a solution of a mixture of proteids of all kinds with this 
salt, peptones alone remained unprecipitated, thus correcting the pre- 
vious observation of Heynsius’, that peptones are also precipitated by 
this method. The method has since been very largely employed by 
Kiihne and Chittenden in their researches on the albumoses, globu- 
loses, and other intermediate products of digestion. I have myself* 
previously described a salt which acts in the same way as ammonium 
sulphate, namely sodio-magnesium sulphate (MgSO, . Na,SO, . 6H,0). 
After many comparative experiments however with these two salts, I am 
convinced that ammonium sulphate is to be preferred for the purpose, 
since it effects the precipitation more rapidly ; with the double sulphate 
of magnesium and sodium, the separation of the last portions of the 
precipitable proteids, especially of the albumoses, is very slow, involving 
the shaking of the solution with the powdered crystals of the salt for 
many hours. Ammonium sulphate has also the advantage of being 
cheaper, and of not undergoing decomposition in the air, as sodio- 
magnesium sulphate is apt to do. 

By saturating salted muscle-plasma, or saline extracts of rigid muscle, 
with either ammonium sulphate, or sodio-magnesium sulphate, an abun- 
dant precipitate was produced; but no proteid remained in solution. 
Peptone was therefore absent. The precipitate produced by saturation 
with these salts, which was a very fine one, was collected on a filter, 
washed with saturated solution of ammonium sulphate, and redissolved 
by the addition of water. Heat coagulation showed that by the 
fractional method, the same five proteids (four precipitable by heat, 
and the fifth an albumose) can be separated from one another. 

The action of other neutral salts was then tried. Saturation with 
magnesium sulphate, or sodium chloride, produced an abundant precipi- 
Zeit, Biol, xu. 1. 


2 Pfliiger’s Archiv, xxx1v 
3 “Report on the Proteids of the Blood.” Brit. Med. Journal, July 25, 1885. 
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tate ; this precipitate was washed with saturated solution of magnesium 
sulphate or sodium chloride respectively, and then on applying the 
method of fractional heat coagulation to this solution, it was found to 
contain three proteids: viz. those which coagulate at 47°, 56°, and 63 
respectively. In the filtrate after the separation of the precipitate, 
produced by saturation with either of these salts, two proteids were 
found, namely that which coagulates at 73°C. and the albumose. 

If one saturates the salted muscle-serum with either magnesium 
sulphate or sodium chloride, a precipitate is produced which consists of 
the proteid which coagulates at 63°C., while that which coagulates at 
73° C, and the albumose remain in solution. 

It is one of the chief properties of the globulin class of proteids that 
they are precipitable either wholly or partially by saturation with 
magnesium sulphate or sodium chloride, while those of the albumin 
class are not. The three proteids precipitable by these salts are there- 
fore members of the globulin class. This was subsequently confirmed 
by other tests. The following table represents the result of these 
experiments of saturating the salted muscle-plasma, or saline extracts of 
rigid muscle (for the results were the same in each case), with these 
salts, together with the names I would suggest for the individual 
proteids, 


Proteid precipitated by heat at Name 
47°C. s Paramyosinogen | causes precipitation 
(56° Myosinogen causes precipitation 
63° Myoglobulin causes precipitation 
73° Albumin. does not cause precipitation 
_ Proteid or by | Myoalbumose does not cause precipitation 


The following scheme represents the manner by which these 
proteids may be separated from the muscle-plasma, or from a saline 
extract of rigid muscle, or from a saline extract of muscle in which rigor 
has passed off, and from one another, by the combined methods of frac- 
tional heat coagulation and saturation with salts :— 
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Saturate with ammonium sulphate. A precipitate 
is Filter. 


_ Precipitate : consists of all the proteids. “Wash Filtrate : contains 
with saturated solution of ammonium sulphate; salts, extractives etc., 
redissolve by adding water. Saturate this solution —_no proteids. 
with either magnesium sulphate or sodium chloride. 

A precipitate is produced. Filter. 


Precipitate: consists of globulins, Filtrate: contains albuminand . 
Wash with saturated solution of myoalbumose. Heat to 73°C., 
magnesium sulphate or sodium aprecipitateis produced. Filter. 
chloride, and redissolve by adding 
water. Heatthissolutionto47°C.,  Prectpitate: Filtrate: contains 
a precipitate is produced. Filter. of albumin 


Precipitate: consists filtrate: contains myo- 
of paramyosinogen sinogen and myoglobulin. 
Heat to 56°C., a precipi- 

tate is produced. Filter. 


Precipitate : : consists Filtrate: contains myo- 
of myosinogen B. globulin which is pre- 
cipitated by heating to 
63° C. 
Or the following method may be ideals: 


_ Mousoue-piasma. Dilute to six times its volume, and expose this to a 
temperature of 35°C. for 1 or 2 hours, It separates with clot, and salted- 
muscle serum, Filter. 


Clot: consists of myosin. Wash ‘Salted Muscle-serum : contains myo- 
with water, redissolve in 5°/, mag- — globulin, albumin, and myoalbumose. 
nesium sulphate solution. Heat § Saturate with magnesium sulphate or 
to 47°, a precipitate is produced. sodium chloride, A precipitate is pro- 
Filter. duced. Filter. 


Precipitate: con- Filtrate: contains Precipitate: consists  Filtrate: contains 
sists of paramyo- myosinogen which of myoglobulin albumin and myoalbu- — 
sinogen is precipitated at mose. Heat to 73°, a 
56° C. _-precipitate is 
Filter. 


Precipitate : Filtrate : contains 
of albumin myoalbumose 
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We have now to take up these proteids one by one, and discuss the 
method of preparation, and reactions of each. 

We shall also have to take into account two other substances allied 
‘to proteids in composition which form the pigments of the muscle- 
plasma, and which are haemoglobin and myohaematin. The remainder 
of this section will therefore be divided into seven — the 
subjects of which will be 

1. Paramyosinogen. 

Myosinogen. 
Myoglobulin. 
Albumin. 
Myoalbumose. 
Haemoglobin. 


Myohaematin. 


1. Paramyosinogen. That a proteid substance which coagulates 
between 45° and 50°C. can be extracted from muscle was first shown by 
Kiihne in his work on the muscle-plasma. This substance has been also 
worked at by B. Demant’. He found that by heating a watery 
extract of muscle to 40°—45°C. a cloudiness appears, which becomes a 
flocculent precipitate at 47°C. and this only when the reaction of the 
liquid is neutral or acid. He states that it is partially precipitable by 
saturation with magnesium sulphate. The amount in which this proteid 
was present was estimated by collecting and weighing the precipitate 
which cecurred in extracts of the muscle. The muscle was repeatedly 
extracted with water, until by heating the extract no precipitate was 
found to occur at 47°C, In many cases the merest traces, too small for 
weighing, were present. The average amount found in the muscles, 
voluntary and involuntary, of the dog, rabbit, and pigeon, was a half per 
cent. In a later paper Demant” speaks of this proteid as an albumin, 
and it has been very generally spoken of as a constituent of the muscle-. 
serum; whereas it is in reality a globulin, and a constituent of the 
muscle-clot. 

Although it can be extracted from fii by means of water, this is 
simply due to the fact that the soluble salts of muscle enter into 
solution at the same time; in fact, as has been already shown in this 
paper, all the proteids in muscle will similarly enter into solution. It is 


1 Zeit. physiol. Chem, 11, 241. 
2 Zeit. physiol. Chem. rv. p. 386. 
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moreover completely removed from a saline extract of muscle by satu- 
rating that extract with either magnesium sulphate or sodium chloride. 
It is also precipitated by dilution, or after the salts have been removed — 
by dialysis, from a salted muscle-plasma, or saline muscle extract. These 
two facts clearly show that it is a member of the globulin class of 
proteids. 

This proteid has also been counted as one of the constituents of the 
muscle-serum, since an extract of rigid muscle is found to contain it; but 

as we have already seen this is no proof of its being in the serum, since 
_ the liquid employed to extract the muscle is able to dissolve it out of 
the muscle-clot. This is most conclusively proved by the fact, that if one 
takes the muscle-clot, and redissolves that, it is possible to obtain from it 
its two constituents—paramyosinogen and myosinogen. It is however 
found that after redissolving and reprecipitating myosin several times, 
the amount of paramyosinogen which ultimately goes into solution is 
very small; it seems to be more and more held closely in combination 
with myosinogen. This is perhaps the change which simultaneously 
results in the formation of sarkolactic acid. 

How can one separate paramyosinogen from the other proteids of 
muscle-juice? The simplest method is by heat coagulation. It coagu- 
lates at 47°C. The coagulum which forms is a finely flocculent one, 
- quite unlike that of myosinogen which is sticky ; this can be collected on 
a filter, and it is then found to have the usual characters of coagulated — 
proteid. Although this is a good plan of getting myosinogen free from its 
admixture with paramyosinogen, it does not give us the latter in such a 
form as enables us to investigate its properties. The method of fractional 
precipitation by means of salts was therefore adopted. 

Magnesium sulphate was the first salt investigated with this end in 
view. 100 parts of crystalline magnesium sulphate dissolve in 79 parts’, 
or, in round numbers, in 80 of water. An extract of muscle in 5°/, 
magnesium sulphate was taken, and divided into portions of 80 cc. 
each. To each portion was added a weighed quantity of magnesiam 
sulphate, as follows :— 

To (1) 21 grammes of sulphate were added ; the 80 c.c. would there- 
fore contain 25 grammes of the salt; ie. the sais was a quarter 
saturated. This produced no precipitate. 

To (2) 26 grammes of the salt were added ; this oe a very 


1 Watts’ Dietionary of Chemistry. 
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To (3) 40 grammes of the salt were added. This produced a fairly 
abundant precipitate ; it was collected, washed with water containing 44 
grammes of magnesium sulphate to every 80c.c. of water, and redissolved 
by adding water. This solution coagulated at 47°C. The filtrate, after 
separating the precipitate produced by this amount of salt, ses at 
56°, 63° and 73°. 

To (4) 46 grammes of the salt were added, i.e. the fluid was thus 
half-saturated: the precipitate consisted of proteids coagulating at 47° 
and 56°; the filtrate gave heat coagula at 56°, 63° and 73°. That is, the 
proteid coagulating at 56° was only partially precipitated by half-satura- 
tion ; that at 47° wholly as in (3). 

It will be seen from the foregoing that the addition to a 5°/, 
magnesium sulphate extract of muscle of 50 grammes of magnesium 
sulphate for every 100c.c. of liquid (a proportion rather under half 
saturation) will effect the separation of paramyosinogen from myosinogen. 
This precipitation begins when the proportion of magnesium sulphate 
present is about 37 grammes to the 100 cc. of extract. 

The precipitate produced by magnesium sulphate occurs in white 
curdy flakes. 

A similar separation can be brought about by sodium chloride, and 
the precipitated proteid has a similar curdy appearance. The precipita- 
tion of the proteid is accomplished when from 15 to 26 grammes of 
sodium chloride are present in 100 c.c. of solution. When more salt 
than this is added myosinogen is also precipitated. When less than 26 
grammes to the 100 c.c. of solution are added, the precipitation of para- 
myosinogen is incomplete. 

By either of the two foregoing methods then a solution of para- 
myosinogen not mixed with any other proteid can be obtained. By 
this method also the same fact is shown to which Demant drew 
attention, that the quantity of this proteid is exceedingly variable. In 
some cases, there is not more than a slight cloudiness produced either 
by heating the muscle extract to 47° or by ne the necessary 
proportion of salt’. 

The proteid obtained in this way free from other proteids gave the 
usual proteid reactions. It is completely precipitated from its solutions 
by saturating with either sodium chloride or magnesium sulphate; satura- 


1 In the foregoing experiments, the reaction of the fluid to which the salts were added 
was neutral or faintly acid; the temperature of the air at which they were performed 
varied from 13° to 15°C. 
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tion is not however necessary, as is seen by referring to the methods just 
described as used in its preparation. It is not precipitated from its saline 
solution by acetic acid. It is precipitated by dialysing out the salts from 
its solutions. It does not form a coagulum when its solution is diluted 
either with water, or with solution of the myosin-ferment. The 
precipitate of this proteid obtained by dialysis is not soluble in 10°/, 
sodium chloride solution, but. it is soluble in weak acids and in alkalies. 
The precipitate produced by saturation with sodium chloride or mag- 
nesium sulphate is also rendered insoluble by prolonged washing with 
saturated solutions of these salts. 


2. Myosinogen. This is the proteid in muscle-plasma which 
coagulates at 56°C. (the precipitate being a sticky one) and which is 
apparently the same as that which coagulates at the same temperature 
when myosin is redissolved, 56°C. is the usual temperature of coagula- 
tion given for redissolved myosin. 

It can be prepared in several ways: (1) myosin is redissolved ; the 
47°C. heat coagulum of paramyosinogen is filtered off, myosinogen 
remains in solution. (2) By fractional precipitations with magnesium 
sulphate. Take muscle-plasma, and add sufficient salt to precipitate 
paramyosinogen, i.e. 50 grammes of magnesium sulphate to every 100 c.c. 
of muscle-plasma; filter off the curdy precipitate of paramyosinogen. 
Myosinogen remains in solution, and may be precipitated by adding 
magnesium sulphate in such a proportion that each 100 cc. of liquid © 
contains 94 grammes of the salt, that is the liquid is three-quarters 
saturated; this separates the myosinogen from myoglobulin which 
is not precipitated until the liquid is fully saturated with the salt. 
Sodium chloride cannot be used to separate these two’ proteids, as 
complete saturation with that salt is required to cause complete pre- 
cipitation of both proteids (i.e. 36 grammes of sodium chloride present 
in each 100 c.c. of liquid). 

The following table states succinctly these facts concerning the 
precipitation of these three globulins of muscle-plasma by the method of 
fractional saturation, the solution being neutral or faintly acid. 
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Magnesium sulphate precipi- | Sodium chloride precipitates it 
following proportion proportion 
Paramyosinogen | 37 grammes of salt to | 15 grammes of salt to the 
the 100 cc. of solution, | 100 cc. of solution, pre- 
precipitation begins cipitation begms 
: 50 grammes of salt to | 26 grammes of salt to the 
the 100 c.c. of solution, | 100 c.c. of solution, pre- 
precipitation complete cipitation complete 
Myosinogen 60 grammes of salt to | 30 grammes of salt to the 
See the 100 c.c. of solution, | 100 c.c. of solution, pre- 
| precipitation begins cipitation begins as 
94 grammes of salt to | complete saturation is neces- 
the 100 c.c. of solution, | sary for the complete preci- 
precipitation complete | pitation of this proteid, Le. 
36 grammes of salt to the 
100 c.c. of solution 
Myoglobulin precipitation only occurs | precipitation only occurs — 
when the saturation is | when the saturation is com- 
complete, i.e. 125 grams | plete 
of salt to the 100 cc. of 
solution 


It is found that, after filtering off the heat coagulum produced in 


muscle-plasma cr saline extracts of muscle by the temperature of 
47°C., dilution of the filtrate still produces the formation of a clot of 
myosin. The clot is formed under the same conditions as those in which 
both forms of myosinogen are present, i.e. most rapidly at a temperature 
of 35°—40° C. and especially when solution of myosin-ferment is used as 
the diluting liquid. The clot which is formed differs in amount from 
that: formed when both varieties of myosinogen are ee This i is 
illustrated by the following experiment :— 


The weight of the clot (washed with distilled water and subsequently dried 
to constant weight at 115°C.) obtained from 100 c.c. of a 5 per cent. mag- 
nesium sulphate extract of muscle was 1°82 grains. The weight of clot 
obtained from 400 c.c. of the same extract from which the paramyosinogen 


had been just removed by heating to 47° C. and filtering was 1-58 grains. 


But not only is the clot formed under these circumstances less in 
amount than normal, but its solution in weak magnesium sulphate 
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solution coagulates at 56°C. without showing any trace of a 47° precipi- 
tate; otherwise its properties are those of normal myosin. It would 
thus appear that myosinogen is essential to the formation of myosin, 
whereas paramyosinogen is not so essential, but, when present, is 
carried down by the change of myosinogen into myosin, and tide 
constitutes part of the muscle-clot. 

It has been previously shown that attempts to obtain myosin free 
from ferment by washing the clot with distilled water failed because 
prolonged washing with water renders the myosin ultimately insoluble 
in saline liquids. Hence it was always found that solutions of redissolved 
myosin coagulated after dilution when exposed to the temperature of 
40°C. even though no ferment was added; the addition of ferment 
however hastened the coagulation. 

The method of saturation of muscle-plasma with magnesium sulphate 
or sodium chloride was therefore used to see whether by this means 
myosinogen might not be obtained free from ferment; and the result 
showed that it could. The details of one expuriment are as follows. 
Two others were performed with confirmatory results :— . 


An extract of rabbit’s muscle (freed from blood in the usual ah was 
made with'5 per cent. magnesium sulphate solution, and also with 10 ssi cent. 
sodium chloride solution. 


a. The magnesium sulphate extract. This was saturated with maguesinm, 
sulphate, and the precipitate so produced washed by decantation with a 
saturated solution of magnesium sulphate three or four times. 

- The precipitate suspended in a small quantity of saturated solution of this 
salt was then dissolved by diluting the saturated solution with distilled 
water, until the strength of the magnesium sulphate solution was 5 per cent. 
The precipitate dissolved completely. It was then further diluted to four 
times its bulk, in one specimen with water, in another with solution of 
myosin-ferment. No coagulation occurred in the first, all the ferment having 
been removed from the myosinogen by washing it with the saturated solution 
of magnesium sulphate. This specimen was watched for 24 hours, half of it 
being kept at the atmospheric temperature, the other half at the temperature 
of 35°C.; but after the lapse of this time no coagulation had occurred in 
either specimen, The specimen on the other hand to which the myosin- 

ferment solution had been added gave in 3 to 4 hours at the temperature of 
35° C. a very distinct clot of myosin. 

6. The sodium chloride extract. This was ehhted in the same way as 
the magnesium sulphate extract; sodium chloride was however used to 
saturate the fluid instead of sangneelun: sulphate. Here however the ferment 
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was not all washed away from the myosinogen so successfully, as is seen 
from the result of diluting the 10°/, sodium chloride solution of myosin 
ultimately obtained :— 

1. Diluted to four times its volume with water. Kept at the tempera-— 
ture of the air for 24 hours. No clot formed. 

2. Diluted similarly, but kept at the temperature of 35°C. after 
12 hours. A very small clot had formed. 

3. Diluted to a similar extent with solution of myosin-ferment.. At the 
temperature of the air a distinct clot formed in about 15 hours. 


4, Diluted similarly, but kept at the temperature of 35°C. A distinct 
clot formed in from 3 to 4 hours, 


In this way then, it is possible to obtain a pure solution of myosin- 
ogen, which will not clot and form myosin unless the ferment be added 
to it. 

But as will be seen both paramyosinogen and myosinogen are 
present in such solutions obtained by the method just described. The 
question which arises here is, Does the ferment act on both, or only one 
of these two proteids? This was put to the test of experiment. 

A solution of paramyosinogen in 5°/, magnesium sulphate solution was 
prepared as described a few pages back. This was diluted with water, and 
also with solution of myosin-ferment, but in neither did coagulation occur. 

A solution of myosinogen was then prepared by heating a mixture 
of the two proteids in 5°/, magnesium sulphate solution to 47°C. 
and filtering off the precipitated paramyosinogen. To this solution of 
myosinogen, water was added to dilute it; the merest trace of clot 
formed after 24 hours’ exposure to the temperature of 35°C. Another 
specimen of the same solution was diluted with solution of myosin- 
ferment to the same extent; in this, coagulation occurred after about 2 
hours’ exposure to 35°C. These experiments furnish an additional 
proof of the statement previously made, that myosinogen is the 
essential precursor of myosin, paramyosinogen being a constituent of 
the muscle-clot, but only accidentally so, as it were, That this is the 
case is also supported by the fact that paramyosinogen is sometimes 
absent or nearly so from salted muscle-plasma; heating to 47°C. pro- 
ducing sometimes the merest cloud. 

Another difference was brought out between the two forms of 
myosinogen by treatment with magnesium sulphate. It was found that 
mere saturation with this salt produced when added to a muscle 
extract in all cases an abundant precipitate ; but this precipitate varied 
in appearance, being in some cases a fine precipitate which collected on 
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the filtering paper as a slimy almost gelatinous scum, while at other 
times this was mixed to a varying extent with a curdy preoipitate which 
settled in large flocculi, The explanation of this was made clear by 
the fractional saturation experiments. The curdy precipitate consists of 
paramyosinogen ; the slimy gelatinous precipitate of myosinogen. By 
means of sodium chloride a similar difference is seen, but it is not 
nearly so marked. 

Both forms of myosinogen however resemble each other in this :— 
that after prolonged washing with saturated solutions of salt they 
became insoluble in dilute solutions of salt. This reminds one forcibly 
of the way in which the muscle-clot becomes insoluble after prolonged 
washing with water. It is not the mere exposure to a saturated saline 
solution, but the washing with that solution that makes the myo- 
sinogens insoluble. This is illustrated by the following experiment. 


Rabbit. A 10 per cent, sodium chloride extract of muscle prepared and 
saturated with sodium chloride. The liquid with the precipitate so produced 
_ suspended in it was divided into two parts a and b.. | 

a. In this the precipitate was allowed to settle. After ten days it was 
found to be easily soluble by diluting the concentrated solution of sodium 
chloride till its strength was 10 per cent. : 

6. In this the precipitate was allowed to settle; and then it was weded 
by decantation with saturated sodium chloride wilution, ten times. After ten 
days, the concentrated saline solution was diluted till its strength was 10 per — 
cent. The greater part of the precipitate was insoluble: that which did 
enter into solution was myoglobulin as shown by the fact that it coagulated 
(after dialysing away the greater part of the sodium chloride) at 63°C. 


A similar experiment performed with a magnesium sulphate extract 
of pigeon’s muscle showed that washing the precipitate of paramyosin- 
ogen and myosinogen with a saturated solution of magnesium sulphate 
also rendered it insoluble. It need hardly be said that in previous 
experiments, which described the re-solution of precipitated myosinogen, 
the process of washing with a saturated saline solution was not carried 
so far as to render that precipitate insoluble. 

_ Itis noteworthy in this connection to find that the vegetable myosins 
described by Dr Sidney Martin’ become insoluble in saline solutions 
after prolonged dialysis, in this way resembling the myosin of muscle. 

We now come to the way in which myosinogen behaves to acids. 

It is precipitable like other proteids by the strong mineral acids. 


1 Proc, Physiological Society, 1886, p. viii. 
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It is also precipitable from its saline solutions by very weak acetic 


acid. A salted muscle-plasma or a saline extract of muscle gives 
a very copious precipitate on the addition of a few drops of 2°/, 
acetic acid; so does a solution formed by redissolving the muscle-clot. 
This precipitate has in all cases a stringy character, very like the pre- 
cipitate formed by adding acetic acid to saliva containing mucin, and 
it is but little soluble in moderate excess; in excess of stronger acetic 
acid, it readily dissolves. This precipitate is not given by a specimen of 
salted muscle-plasma after it has been heated to 56° and the precipitated 
proteid filtered off. This fact, together with the fact that it is produced 
in a solution of the muscle-clot, shows that it must be due to either 
paramyosinogen or myosinogen. As has been already stated, it is not 
given by a solution of paramyosinogen; it must therefore by the 
process of exclusion be due to myosinogen. This is confirmed by the fact 
that a solution of myosinogen does give this characteristic stringy pre- 
cipitate with acetic acid. 


It is probably this precipitation by weak acid that led en 


observers to the conclusion that an alkali-albumin or casein is present 


in muscle. But just as the so-called ‘serum-casein’ was shown to be 
serum-globulin partially precipitated by the acid, so can the ‘muscle- 
casein’. be shown to be similarly part of the proteid a of 
myosin. 

I have made experiments with other weak weit and the following 
is the result :— 


2°/, phosphoric acid gives a precipitate which is not stringy and 
readily dissolves in excess, 


1°/, sulphuric acid gives a somewhat stringy precipitate, not soluble 
in excess, 


1°/, oxalic acid gives an abundant precipitate not so stringy as hae 
weak acetic acid, not soluble in excess. 


1°/, nitric acid gives a precipitate, stringy only toa slight extent and 
slightly soluble in excess, 


_ The fact that weak acids do give ae a precipitate renders it 
impossible to add more than the faintest trace of acid to a liquid con- 
taining myosinogen before one carers ass heat coagulation tempera- 
tures in that liquid. 

_- In the case of saline extract of rigid ke such addition of acid is 
not necessary, as the lactic acid present confers sufficient acidity on the 
_ for the purpose. 
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Myoglobulin. This can be best prepared from salted muscle-serum 
by saturation with either magnesium sulphate or sodium chloride. 
Precipitation does not occur until saturation is complete. This fact has 
been already dwelt upon in connection with the separation of this 
substance from the other globulins of muscle-plasma by the method of 
fractional saturation with salts. The precipitate as produced is then 
washed with saturated solution of the salt, and redissolved by the 
addition of water, the salt adherent to the precipitate enabling it to 
dissolve. By dialysing away the salt from a solution of this proteid, the 
latter is precipitated, so showing it to be a true globulin. In its 
reactions it thus resembles paraglobulin or serum-globulin very closely ; 
it differs from serum-globulin in its coagulation temperature which 
is 63°C. while that of serum-globulin is 75°C. Myoglobulin differs 
from myosinogen, in not being rendered inseluble in saline solution 
either by prolonged dialysis or by washing with saturated solution of 
salt. 

It takes no part in the formation of the muscle-clot ; and as has been 
before stated (p. 149) it is not a result of the formation of myosin, 
as serum-globulin in part is stated to be a result of the formation of 
fibrin. | 


4. Albumin. This is apparently identical with serum-albumin as 
stated by Kiihne, and more recently by Demant’. It coagulates at 
the same temperature 73°C., and is the only proteid of muscle-plasma 
coagulable by heat which is not precipitable by saturation with sodium 
chloride or magnesium sulphate. It is not precipitable by ether. It is 
often present in exceedingly smal] quantities, 

I have however elsewhere* shown that serum-albumin is really | 
a mixture of three different proteids which I have named a, £8, and y, 
coagulating at 73°, 77° and 84° C. respectively. The muscle-albumin is 
identical with serum-albumin a. : 


5. Myoalbumose. The properties of this substance have already 
been partially described in dealing with the myosin-ferment. It may be 
prepared by heating a specimen of salted muscle-plasma, or a saline 
extract of dead muscle, to 73°C. The proteids coagulable by heat are 
then filtered off, and muscle-albumose remains in solution; or it may be — 
obtained by extracting the dried alcoholic precipitate of muscle with 
water, Its properties are as follows :— . 


1 Zeit. physiol. Chem. rv. 384. 2 This Journal, Vol. v. p. 157. 
PH. VIII. 15 
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Bi | (1) Nitric acid in the cold gives a very slight precipitate; this 
: disappears on boiling and reappears on cooling the solution. If a 
solution be first boiled, and nitric acid added to the solution while it is 
still hot, no precipitate at all is produced, but on cooling, the precipitate 
_ forms, which on boiling again completely disappears. The precipitate 
produced by cooling the albumose solution to which nitric acid has 
- been added when the solution was hot, is more abundant than the 
precipitate produced by simply adding nitric acid in the cold. 

(2) Ifthe albumose solution is first saturated with sodium chloride, 
nitric acid produces a more abundant precipitate than if no salt be 
| added. 

(3) Glacial acetic wid causes no precipitate unless the solution be 
first saturated with sodium chloride. Glacial phosphoric acid acts in the 
same way. The precipitation is in either case an incomplete one. 

_ (4) It is completely precipitable by saturation with ammonium 
sulphate, and also by sodio-magnesium sulphate. 

(5) It is not precipitated by saturation with sodium chloride or 
magnesium sulphate in a neutral alkaline or slightly acid solution. 
When the solution is made strongly acid with glacial acetic acid, there 
is partial precipitation. The fact that the albumose is not precipitated 
by these salts in a neutral or slightly acid solution enables one to separate 
myosinogen from the myosin-ferment in the manner —t described 
(pp. 193, 194). 

(6) Itis precipitable by mercuric chloride in a ouizel as well as in 
an acid solution. 

(7) It is not precipitable by copper sulphate. 

(8) When concentrated, it gives the biuret reaction faintly. The 
relative amount of albumose in unconcentrated extracts is never suffi- 
cient to give any colour with copper sulphate and caustic potash. 

(9) It is not precipitable by dialysing the salt away from its 
solutions. 

(10) It is precipitable by alcohol, but not converted into coagulated 
proteid by it. These reactions clearly show that the substance is an 
albumose, and that it resembles especially the deutero-albumose of 
Kiihne and Chittenden’. I have used the word albumose in a generic 
sense, meaning by it proteids which have properties resembling those 

of the intermediate products of the conversion of proteids into peptones. 
But as the word albumose is now restricted to the intermediate products 


1 The most recent paper which gives the properties of deutero-albumose is by R. 
Neumeister. Zeit. Biol. xxi, p. 381. 


3 
a 
4 
a 
| 
| 
4 
4 * 


MUSCLE-PLASMA. | 199 


formed in the digestion of albumin, while the names globulose, vitellose, 
caseose, etc, have been given to similar products of the digestion of 
globulin, vitellin, casein, etc. respectively, the word proteose would 
perhaps be more correct as implying no theory as to which form of 
proteid this substance is most clearly allied. Albumoses, globuloses, etc. 
however resemble each other in their reactions, and differ but little in 
elementary composition. 

6. Haemoglobin. The red muscles of animals as is well known con- 
tain a quantity of haemoglobin in the muscle-plasma. A few experi- 
ments were performed in order to determine whether the presence of this 
proteid alters in any way the behaviour of the plasma, or saline extracts, 
obtained from such muscles. It was found that there was no difference 
in their general properties. Extracts of the red muscles of rabbits, and 
of the breast muscles of pigeons freed from blood in the usual way, were 
prepared, and differed only from the extracts of the pale muscles, which 
were exclusively used im all experiments related up to this point, in 
giving the haemoglobin spectrum. The haemoglobin takes no part in 
the formation of the muscle-clot, and can be recognised by the spectro- 
scope, in the salted muscle-serum, as one of its constituents. There is 
also no difference in the heat coagulation of preparations from red 
muscle : precipitates form at the same temperatures, as in those from the 
pale muscle. The liquid however becomes brownish about 70° C., and as 
haemoglobin is decomposed and precipitated by heat between 70° and 
80°C. it is no doubt carried down with the serum-albumin which is 
precipitated at 73°C. 

7. Myohaematin. This colouring matter has been recently de- 
scribed by MacMunn’ as a constituent of muscle-plasma, It is con- 
sidered by him to be a substance allied to a proteid, and it is therefore 
important to investigate its properties in connection with the subject of 
this paper. The investigation of this substance however opens up a 
wide field, which it would be rather beside the purpose of this paper to — 
enter into. I intend at a future time to investigate myohaematin 
with a view to obtaining it in a pure state, for the purpose of elementary 
analysis. I will here only mention a few preliminary observations that 
I have made on the subject. 

I was never able to prove the presence of this pigment in any of the 
saline extracts of muscle that I prepared even though I used the breast 
muscles of the pigeon which contain it in abundance, No doubt it was 
obscured by the bands of oxyhaemoglobin with which it was mixed. On 

1 Phil. Trans. Part 1, 1886, p. 267. 
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adding ammonium sulphide, the spectrum of reduced haemoglobin was 
seen, but no bands due to myohaematin. MacMunn found similar 


difficulties in getting the myohaematin into solution, and even in the 


expressed muscle-juice, the bands of it were so faint that the band at D 
was not visible, and the others were only rendered apparent by adding 
ammonium sulphide. No doubt myohaematin if dissolved in any saline 
solutions was present in too small a quantity to show any spectrum in the 
presence of oxyhaemoglobin. 

In my attempts to get myohaematin pure, I have windliends a 
method which was shown by MacMunn to the Physiological Society 


(1886, p. 1), but which so far as I am aware has not been published’. 


The breast muscles of the pigeon are chopped up finely and allowed to 
stand under ether for twenty-four hours; a yellow lipochrome (the nature 
and source of which I have elsewhere described’) is dissolved by the 
ether; a yellowish-red watery fluid floats below this. This watery fluid 
is withdrawn by a siphon or pipette, and filtered. It is acid in reaction. 
It contains a small amount of all the proteids of muscle-plasma (as tested 
by heat coagulation after neutralisation). It smells slightly of ether ; it 
is deep yellowish-red in colour, and it shows with the spectroscope the 
bands of what MacMunn calls modified myohaematin. This gives a 
band half way between the D and E lines, and a fainter one on the red 
side of the B line*®. There is no trace of haemoglobin bands visible, 
A question which will arise here is, What has become of the haemoglobin, 
which as has already been mentioned exists in these muscles? In order 
to determine this, I subjected several specimens of blood-clot to the same 
treatment as the pigeon’s muscle; that is they were chopped into small 
pieces, and placed under ether. But no yellowish-red or any other 
coloured watery fluid floated under the ether: the pieces of clot set into 
hard solid lumps, the proteids and the haemoglobin being very firmly 
coagulated by the ether. And this no doubt is what happens to the 
haemoglobin in the muscle; it is coagulated in situ, leaving the myo- 
haematin in what Mac Munn calls its modified condition in solution. 
By boiling the yellowish-red fluid so obtained, the coagulable 

proteids are precipitated and can be filtered off. Albumose remains in 
solution and so does the myohaematin. On boiling this solution, its 
colour becomes more yellowish, and its bands completely nanepese. 
They reappear again however when the liquid cools. 

1 It has been published since the above was written. This Journal, Vol. vit. elk 54, 

* This Journal, yu. p. 825. 

* Phil. Trans. Part 1, 1886, Plate 12. Chart rv. spectrum 18. 
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The separation of the myobaematin from the albumose I have not 
yet accomplished. Both are precipitated by alcohol; the precipitate so 
formed is white, and myohaematin cannot be removed from it. Both 
are precipitated by saturation with ammonium sulphate; the precipitate 
so obtained is soluble on adding water, and the solution shows especially — 
after adding a drop of ammonium sulphide the modified myohaematin 
spectrum. Neither is precipitable by saturation with magnesium 
sulphate or sodium chloride. After saturation with sodium chloride, 
the fluid becomes slightly greenish in tinge ; this is perhaps due to the 

_ formation of free hydrochloric acid from sodium chloride and lactic 
acid’; the liquid however still gives the same spectrum on adding a 
drop of ammonium sulphide. So far then attempts to separate the 
albumose and the myohaematin have failed. It is of course a“ 


possible that myohaematin is a coloured albumose. 


I shall conclude this section with a summary of the properties of the 


proteids of muscle-plasma. 
Paramyosinogen. Myosinogen. | 
1. It coagulates at the temperature It coagulates at the temperature | 
flocculent. sticky. | 
2. It is partially precipitated in a It is partially precipitated in a | 
magnesium sulphate solution magnesium sulphate solution | 
of the strength of 37 per cent. — of the strength of 60 per cent. f 
3. It is precipitated completely It is precipitated completely 
when the strength of the mag- when the strength of the mag- I 
nesium sulphate solution is nesium sulphate solution is | 
50 per cent. 94 per cent, | 
4. It is partially precipitated in a It is partially precipitated in a | 
sodium chloride solution of the sodium chloride solution of } 
strength 15 per cent. the strength 30 per cent. | 
5. It is precipitated completely It is completely precipitated | 
when the strength of the when the strength of the | 
sodium chloride solution is sodium chloride solution is 
26 per cent. 36 per cent. (i.e. saturated). } 
6. The precipitate produced by The precipitate produ | 


of 47°C. The precipitate is 


of 56°C. The precipitate is 


these salts is curdy, and settles these salts is a fine precip 
in coarse flocculi. which settles into a semi- 
gelatinous deposit. 


a Landwehr. Chem. Centraldlatt. 1886, p. 484. 


ir 
¥ 
é 
wi 
x 
fe 


202 D. HALLIBURTON. 
7, dilete 7. sendlered inanlable in dilute 


saline solutions, by prolonged saline solutions by prolonged 
washing with saturated saline washing with saturated saline 
solutions. solutions. 

8, It takes part in the formation 8. It takes an essential part in the 
of the muscle-clot, but does formation of the muscle-clot, 
not, by itself, coagulate under and coagulates under the 

_ the influence of myosin-fer- influence of the myosin-fer- 
ment. ment, 

9. It is not precipitated from its 9. Acetic acid gives when added to 
saline solutions by acetic acid. a solution of this proteid a 

characteristic stringy precipi- 
tate. 
10. It has no power in hastening 10, It has a very marked power of 
the formation of fibrin in blood- hastening the formation of 
plasma. fibrin in blood-plasma. 


Myoglobulin, This resembles serum-globulin very closely in its 
properties, the most marked difference being in its coagulation tem- 
perature which is 63°, while that of serum-globulin is 75°C. 

Muscle-albumin is apparently identical with serum-albumin a. 

Myoalbumose or Proteose gives the reactions of the deutero-albumose 
of Kiihne and Chittenden, and to it is closely connected the myosin- 
ferment, with which it is probably identical. 

These three bodies (together with haemoglobin in the case of the 
red muscles, which alone yield any appreciable quantity of that substance) 
constitute the proteids of the muscle-serum, 
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EXPERIMENTS ON THE PREVENTIVE INOCULATION 
OF RATTLESNAKE VENOM. By HENRY SEWALL, 
Ph.D., Professor of Physiology in the University of Michigan. 


| (From the Physiological Laboratory at Ann Arbor, Mich., U.S.A.) 


THE following work was undertaken with the hope that it might 
form a worthy contribution to the theory of Prophylaxis, and the 
results obtained during the first stage of its progress are put forward 
at this time because of the impression that, perhaps, at least their 
practical significance may induce investigators more fortunately situated 
for the performance of such experiments to take up the same 
line of: observation. I have assumed an analogy between the venom 
of the poisonous serpent and the ptomaines produced under the 
influence of bacterial organisms. Both are the outcome of the activity 
of living protoplasm although chemically widely distinct, the ptomaines 
belonging to the group of alkaloids, while the active principles of 
the venom, according to Mitchell and Reichert’ and to Wolfenden* 

_are of proteid nature. 

If immunity from the fatal effects of snake-bite can be secured in an 
animal by means of repeated inoculation with doses of the poison too 
small to produce ill effects, we may suspect that the same sort 
of resistance against germ-disease might follow the inoculation of the 
appropriate ptomaine, provided that it is through the products of their 
metabolism that bacteria produce their fatal effects. It is not necessary 
at this time to consider the bearing of the literature on the subject in 
question, for there can be drawn from it few, if any, unassailable 
conclusions. 

It is a matter of common experience that with the repeated 
exhibition of various kinds of poisons in therapeutic doses, more and more 
of the substance must be employed to produce its~physiological action, 
and, finally, ordinarily fatal doses may be given with impunity. And 
yet there is reason to believe that this resistance may result from either 
of two opposite conditions impressed upon the living parts of the body, a 
pathological or a physiological. 

In the first case the sum total energy of the protoplasm is diminish-_ 
ed ; its irritability is lowered as well as its efficiency as a machine. In 
the second case the total energy of the protoplasm is not diminished 


1 “ Researches upon the Venoms of Poisonous Serpents.” Smithsonian Contrib. to 
Knowledge, 674, 1886. 
2 This Journal, Vol. vi. p. 327. 
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204 SEWALL. 
but, perhaps, is even increased as the effect of the inexplicable tendency 


_ of living matter to adjust itself to its environment; such a physiological 


resistance is shown by the secretory cell which does not digest itself, and 
by the unicellular animals which dissolve ingested matter but spare 
their own substance. Whatever want of value there may be in these 
considerations, definite facts upon the subject discussed in this paper 
have a worth of their own. 

The venom used in these experiments was obtained from three 
specimens of the Massasanga, Crotalophorus tergeminus, one of the 
smallest of the rattlesnakes. The average length of the reptiles was 
about two feet. In order to obtain the poison the snake was allowed to 
bite the side of a porcelain dish while being held round the neck by — 
a loop fastened to the end of a stick. The number and variety of the 
experiments performed were narrowly limited by the small amount of 
venom obtained. After the first extraction of poison, only one snake 
gave an additional amount; nor did artificial feeding with ei i meat 
induce a further secretion. 

It was sought to artificially excite the secretion by stimulating with an 
induction current the exposed poison gland and its nerves. The results, 
on the whole, were negative, though in one instance stimulation of the 
gland was followed by a slight flow of venom into the capillary tube 
inserted in the poison duct, and each application of the electrodes caused 
a greatly accelerated blood-flow from the cut muscles which had covered 
the gland. The total amount of venom obtained was estimated to be 
about six small drops, though as part of it dried after extraction an 
accurate measure was impossible. The six drops of venom were 
dissolved in about 88 drops of glycerine, as recommended by Weir- 
Mitchell’, so that each drop of the glycerine-venom contained 068 drop 
of the pure venom. The venom was clear and greenish-yellow in colour 
and decidedly acid in reaction. In preparing for an inoculation, the 
requisite number of drops of glycerine-venom were allowed to fall into a 
porcelain capsule and diluted with distilled water to such an extent that 
each animal should receive 15 minims of the mixture. ay, 

Mitchell and others have found that pigeons are peculiarly 
sensitive to the influence of rattlesnake poison, and these birds were 
therefore uniformly used in the experiments. The inoculations were 
made under the skin of the back by means of a hypodermic syringe. 

In no case did death follow injection so rapidly as described in some 
1 «Researches on the Venom of the Rattlesnake.’ Smithsonian Contrib. to Knowledge, 
1861. 
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of the experiments of other workers on this subject ; this result may 
have been due either to the high dilution of my poison or to its intrinsic 
composition. There appeared to be two well-marked periods within 
which death followed after inoculation with the venom; the shorter time 
was about 3 hours, and the longer 15 to 20 hours. 

The first symptom of the action of the poison was invariably a 
weakness in the legs, inducing the pigeon to sit down or to move with 
a tottering gait when forced to rise. Complete paralysis of the legs 
follows a larger dose of the venom. The general health and appetite of 
the bird may remain apparently unaffected while the legs are nearly 
completely paralyzed. Another symptom of the poisoning is the 
apparently excessive lachrymal secretion. When a fatal dose of poison 
is given, the paralysis extends from the legs to the wings; the head rests 
upon the floor; the mouth is open and the respiration gasping, and, 
after a longer or shorter period of clonic convulsions, the pigeon dies. 

Mitchell draws attention to the marked effect which the inocula- 
tion of rattlesnake venom has in rendering the blood incoagulable, in 
producing extensive extravasation from the blood-vessels and in hasten-— 
ing putrefactive decomposition with the formation of very offensive 
odours. None of these results could be verified, perhaps on account of 
the dilute condition of the poison with which this work was done. 

Previous observers seem to agree that snake venom may be kept 
indefinitely without diminution of its virulence; but, in the absence of 
quantitative experiments to the contrary, I think my own results are 
valid as showing that rattlesnake venom preserved in glycerine under- 
goes a gradual deterioration in its power. On consulting the tabular 
statement of the experiments on prophylaxis, it will be seen that on 
Nov, 7 the fatal dose of glycerine-venom was 3 drop; on Dec. 2 it had 
risen to 3 drop; and on May 19 nearly 1 drop was injected into a 
pigeon without producing death. A yellow colour, such as occasioned 
by fat, marked the skin for a considerable area round the needle punc- 
tures. In some of the experiments the pigeons inoculated with the © 
same amounts of venom were divided in two lots, those of one being 
preserved in a room kept fairly constantly heated to about 60° F., while 
the others were caged in an unheated room in which the temperature 
frequently descended to 0°F. The poison seemed to affect more 
seriously those pigeons preserved in the cold room. 

There appeared to be a maximal dose of venom which produced | 
death as quickly as any greater amount, illustrated by the ee 
experiments : 
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EXPERIMENT 1. 

Nov. 4. At 2.12 p.m. injected 3-4 drops glycerine-venom in water 
under skin of a pigeon. At 4.10 found the bird lying on the floor of its cage, 
legs paralyzed. At 4,15 the bird remains on its back when so placed ; heart 
rather irregular and slow; body cooling. Lachrymal secretion. Slight con- 
vulsions. Died at 4.25, in 2 hours 13 minutes, Blood clots fairly well. 


EXPERIMENT 2, 

Nov. 4. At 3.25 p.m. injected about 12 drops glycerine-venom. At 
4.10 bird still unaffected. At 4.50 fell to the floor, beginning paralysis in 
legs, Can move the wings strongly and fly when thrown in the air ; will not 
lie on its back, At 5 p.m. convulsions, pigeon aying fast. Still alive at 
5,25 but found dead next morning. 

Thinking that the fatal effects of the poison aioe be due to some 
sort of ferment action of the venom, half a dozen drops of the blood 
from the pigeon of experiment 1 were injected into each of two fresh 
birds. The result was negative. 

A number of inoculations were made upon various pigeons to 
determine the minimal fatal dose of the glycerine-venom mixture, and 
then it was sought to discover whether repeated inoculations with 
subminimal but continually increasing doses of the poison would — 
produce immunity against the fatal effects of unlimited amounts of the — 
virus, and whether such immunity might be merely transient or persist- 
ent in its character. The action of the poison in the early stages of a 
series of observations was to some extent cumulative ; for a dose too 
small to alone produce death could become fatal if given to a pigeon 
which had not yet recovered from a previous inoculation. 

The results of the prophylactic inoculations are given below in a 
tabular form. The experiments were carried out on seven pigeons, each 
of which is designated by a separate Roman numeral and its history can 
be followed by glancing at the left-hand column of the table. The 
expression I—VI means that 6 pigeons from I to VI were inoculated at 
- the same time with like doses ; IV—VI means.that birds IV, V and VI 
were inoculated, etc. The ded of the injection is noted in the second 
column from the left, and the amount of glycerine-venom, in drops, 
given to each pigeon, diluted for each bird with 15 minims water, is 
recorded in the third column. 

From time to time control experiments were made on fresh 
The tabular results are noted on the right-hand side of the table. The | 
column on the left indicates the number of pigeons employed, and the 
next column to the right the dose given to each bird. 
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Controt ExpeRIMENTS 


Date of ii Number 
Title | inoeula- | Remarks of Remarks 
of pigeon | tion i Sag | 
it i 
1886 
Nov. 6 
I 10.30 Result negative. 4 2 | Results negative. In 
a.m. | some the skin becomes. 
greenish under the 
Nov. 7 place of puncture. 
I 10am.| ¢ |Next morning bird] 4 2 |All found dead on 
| found lying gasping, | morning of Nov. 8. 
legs paralyzed, eyes 
watering. Occasional 
clonic 
Pigeon fed by hand, 
not recovered till 
Nov. 12. 
11—VII | No effect in 24 hours, 
Nov. 10 | 
JI—VII |10am.| less | In 24 hours all six 
than }| affected but only two 
seriously. Pigeon 
VII found dead 3.30 
pm. Nov. 1l. 
Nov. 12 
I—VI | 9am.| | Pigeons IT—VI still 
weak from previous 
inoculation. Six hours 
after inoculation VI 
is paralyzed in legs 
and two others are ill. 
All but VI are well 
Nov. 13. 
Nov, 14 
I—IV | 10.15 | less | One, IV, is affected in 
a.m, |than}| 24 hours. 
Nov. 15 
I—III /9.30amj 3 | In 24 hours all are 
ially paralyzed in 
egs. Slow recovery. 
Nov. 
Vand V19.30am.) } 


Pigeons not affected. 
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Table (continued). 


EXPERIMENTS ON PROPHYLAXIS 


ai 
Title Date of Number 
of pigeon | i Remarks “et Remarks 
Hg 
IV—VI|10am.} In 24 hours IV—VI 
are but slightly af- 
fected. I is still weak 
in legs. On Nov, 18 
completely re- 
Nov. 19 covered. 
I—VI 30am, less | In 5 hours one bird, 
than}| VI, found dead, and | 
one other affected. | 
In 24 hours only IV 
: and V are affected. 
On Nov. 22 all, I—V, 
Nov. 22 are well. 
I—V |9.30am) 4 No effect. 
Nov, 23 
I—V | 4pm. than 4 No effect. 
| 3 | In24 hours only V 
slightly affected. 
Nov. 26 
I—V |10am.| ¢ No effect. 
Nov. 27 
I—V _ |9.30am)| 1 No effect. 2 less | In 24 hours one bird 
{than (1)haslegs paralyzed ; 
not recovered till 
Dec. 2. The other 
Nov. 29 bird (2) is unaffected. 
I 10.30 No effect. 1 | Pigeon (2) of previous 
a.m. exp. Found dead in 
Dec, 2 6 hours, 
II—V | 11.30 2 No effect. $ 3 | Including bird (1) re- 
a.m. 


covered from previous 
exp. This bird found 
dead in 6 hours, the 
other two dead next 
morning. 
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ExPERIMENTS ON PROPHYLAXIS. | ConTROL 
Title | Date of | umber Remarks 
of pigeon | inocula- | Remarks of | meg 
tion | SEs pigeons) 
| Dee. 3 | 
I 9.30am,|_ less No effect. 
than 44| 
1887 
Jan. 6 | | 
I—V | 11.30 3 |Nextmorning Vfound] 1 1 | This bird had been 
a.m. dead. I is somewha ; kept 2 months in 
weak. 3 cage without inocula- 
tion. Found: dead 
next morning. 
April 28 3 
a 10.30 | less | Slightly weak in 24] 1 less | Paralyzed on same 
a.m. j|than3/ hours. than} afternoon, Found 
April 99| ! dead next morning. 
III 3.15 2 | Legs paralyzed in 15] 1 less | Found dead next 
p-m. minutes, Found dead thanl| morning. — 
April 29} next morning. é 
IV 3.15 3 | Found dead next morn- 
p-m. ing. 
May 6 
II |9.45a.m.| more | Slightly weak in 24 
than 1| hours. 
May 16 
II |9.45a.m.} 2 No effect. 
May 18 
IT llam.| 3 No effect. 
‘ May 19 
I 11.30 4 No effect. 1 .| less | Young pigeon ; parti- 
am. | than1} ally paralyzed in 24 
hours, but finally re- 
covers. 


A review of the foregoing table of experiments shows that repeated 
inoculation of pigeons with sub-lethal doses of rattlesnake venom 
produces a continually increasing resistance towards the injurious effects 
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of the poison without apparent influence on the general health of the 
animals. On Dec. 3, when the fatal dose of glycerine-venom is less than 
# drop, 44 drops, or about 7 times the fatal dose, were injected without 
the least effect into pigeon I. The efficiency of resistance against the 
venom gradually fails in absence of fresh inoculation, as is witnessed in 
the case of pigeon I which is perceptibly weakened by the inoculation 
on Jan. 6 of 3 drops of glycerine-venom, a little more than one month 
after 44 drops had been injected without effect. Also on April 29, nearly 
five months after the next preceding inoculation of 2 drops of the 
poison, III and IV were killed by inoculation, the one with 3 and the 
other with 2 drops of the poison. That the prophylactic effect of the 
~repeated inoculations is persistent over the interval of five months is 
shown by the example of pigeon II, which on May 6 is uninjured by a 
fatal dose of the poison, and thereafter rapidly recovers its powers of 
resistance against the ill effects of inoculation with doses of venom much 
in excess of the fatal amount. 
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VARIATIONS IN THE EXCRETION OF URIC ACID 
PRODUCED BY ADMINISTRATION OF ACIDS AND 
ALKALIES. By A. HAIG, MB, Owon, M.R.C.P. Pl. VI. 
Figs, 1—3, 


WHILE investigating the relationship of a certain form of headache to 
the excretion of uric acid which formed the subject of a paper recently 
read before the Royal Medical and Chirurgical Society, and thinking 
over the relationship of 4d. ale to gout, it occurred to me to test the 
acidity of various ales and beers, and from that it was but a small step 
to try the effects, first of acids, and then of alkalies, on the excretion of 
uric acid itself. 

And I was surprised to find that both in myself and other persons it 
was possible, within certain limits, to increase or diminish the excretion 
of uric acid at pleasure, acids having as their effect a decrease, and 
alkalies an increase of the excretion, and I purpose in this paper to | 
treat of these effects of acids and alkalies; and believing that this is to 
some extent a new fact in physiology, I shall also put forward a working 
hypothesis as to the way in which they may be supposed to produce 
these results, in the hope that it may make the matter more easy 
to understand and that others may be led to repeat my experiments. 
The following is an experiment which anyone who has the apparatus 

for estimating urea and uric acid at hand may easily repeat. The 
processes I have used are, for urea the hypobromite test, with the 
apparatus of Dupré, and for uric acid the method of Professor Haycraft, 
as published in the Brit. Med. Journal, 1885, p. 1100. I have always 
kept a record of temperature and pressure, and corrected the results 
of the hypobromite process for these as far as I was able. 

Take the urine of 24 hours and estimate the urea and uric acid, and 
note the relation of the uric acid to the urea. It varies in different 
people somewhat, but may be something between 1—30 (i.e. 1 gr. uric 
acid to 30 of urea) or 1—40: say for the sake of a definite number 
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1—35. Next day let him take several doses of acid, as 60 grs. of citric acid, 
as lemonade, 3 or.4 times in the day, by preference with his meals; and 
estimate uric acid and urea as before, he will find a relation of uric acid 
to urea of, say 1—41, i.e. the uric acid is relatively diminished, and 
absolutely also probably ; but inasmuch as some alteration in food or 
exercise may have altered both urea and uric acid it is safer to watch the 
relative excretion. 

Then let him repeat the experiment on two other days, after an 
interval using alkali (as 40 grs. of citrate of potash 3 times a day) instead 
of an acid, and he will get the reverse effect, and a relation, say of 1—28. 
These effects are invariable, so far as my experiments on myself and 
others go. 

Or a shorter time will suffice ; thus, let the urine be kept for 12 hours 
from 7.0 p.m. to 7.0 a.m. one night, and notice the amounts of uric acid 
and urea and their relation to each other; then do the same thing on the 
second night, but take, say 90 grs. of citric acid between the hours of 7.0 
and 10.0 p.m.: the uric acid will be found to bear a lower relative 
proportion to the urea on the second night, or if an alkali is taken instead 
of an acid it will bear a higher relative proportion. A shorter period 
than 12 hours will not show the change so well, as the acid takes some 
time to be absorbed and effect the retention of the uric acid in the liver 
and spleen, and this coincides with my experience of the treatment of 
this form of headache with acids, viz. that it is not possible to control a 
headache, which is at all severe, with acids in less time than 14—2 
hours. 

I have here purposely chosen the period of non-digestion and sleep, 
when the acidity of the urine is normally greatest; for during the 
day and the “alkaline tide” of full digestion much larger doses of acids 
would be required to produce the same effect ; and conversely for giving 
alkali, the 12 hours from 7.0 a.m. to 7.0 p.m. are the best. 

Now look at the curves of Feb. 23 to 26, Pl. VI. Fig.1. On Feb. 23rd 
no drugs were taken, the uric acid and urea are pretty close together, 
and the acidity of the urine is equal to 36 grs. of oxalic acid. 

I must here say that the basis of these urea and uric acid curves is 
a relation of 1 to 33 of uric acid and urea, which has been found pretty 
constant in my own urine over a considerable period of time: each 
division corresponds to 1 gr. of uric acid, 33 grs. of urea, and asa rule in 
normal conditions they are and keep close together both in rising and 
falling. 

On the 24th soda hyposulph. (gr. 40) has been taken, which acting 
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as a dose of acid raises the acidity to 39 grs.: urea and uric acid have 
_ both risen, but the uric acid has dropped below the urea (effect of the 
acid). On the 25th on the same drug (gr. 47) the changes are still 
more marked, acidity has risen, urea has risen, but uric acid has actually 
fallen. 

On the 26th no drugs were taken; but there is still some effect 
carried on from the drugs of the previous day; the acid curve falls 
somewhat, urea falls, and uric acid rises slightly ; so that urea and uric 
acid approach each other again. 

Then look at the curves of Mar. 8th to 12th, Fig. 2. On the 8th no 
drugs were taken, but uric acid is below urea, owing, I think, to some 
salicylate of soda taken on the previous days. On the 9th and following 
days alkalies were taken ; as the acidity falls the uric acid rises above the 
urea on the 9th and 10th: it does not however remain there but falls 
below it on the 11th, and is close to it on the 12th. 

_ The cause of this fall we shall come to later on; it is only necessary 
to note here that we get as usual a rise of uric acid above the urea as 
soon as alkali-is given; just as before we got a fall of uric acid below 
urea when acid was given. 

I shall not refer to any further experiments in detail: but as the results 
of experiments on these lines on myself and others have been constant, 
acids always causing a fall of uric acid, and alkalies a rise, I shall pass 
on to the theoretical explanation or working hypothesis of these results 
and explain by it as far as I can all the phenomena observed. | 

I have also made numerous experiments with drugs which do not 
affect acidity, and have got results with some of them, which, if they 
do not represent absolute scientific verity, are at least interesting and 
suggestive. I propose, however, to limit myself in this paper to the 
effects of acids and alkalies. 

The theory which I am now going to speak of, is an adaptation 
of theories in the published writings of Dr Garrod and Professor 
Latham to my present purpose, and I think it will be seen that it 
gives us a fairly good working hypothesis of ge action as observed by 
me of acids and alkalies, 

I do not intend to enter into what may s said for and against the 
theories of Dr Garrod and Professor Latham, I only say if they are 
true, they afford me a good working hypothesis: I will just say however - 
with regard to the formation of urate of ammonium in the kidney, that 
the balance of evidence at the present time seems to be in favour of at 
least some formation of this substance taking — there. 

PH. VIII. 16 
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We have the following: Ist. The antecedent elements of uric 
acid formed in the liver, coming in the general circulation to the 
kidney. 2nd. Formation of urate of ammonium in the kidney. 
3rd. Its partial excretion by the ureter. 4th. Its overflow by the 
‘renal vein to some extent, and so its arrival in the general circu- 
lation in small amount. 5th, Its passage in the general circulation 
to all the organs, and among others to the liver and spleen. 6th. 
Its retention in the liver and spleen, because their tissues are less 
alkaline than those of many other organs, or the blood and tissue fluids 
in general, On this point Dr Garrod says’: “ May it not be the case 
that when uric acid exists in the blood it is attracted differently by 
different organs, and thus the spleen and liver more frequently contain 
appreciable quantities than other tissues? or again, may it not be that 
in some organs as the spleen the substance of which, if not acid during 
life, rapidly becomes so after death, while the blood remains strongly 
alkaline, the uric acid becomes less soluble and more easily retained ?” 

We have only now to suppose what I expect no one’ will dispute, 
that a dose of acid will diminish the alkalescence of the blood and tissue 
fluids and also of the liver and spleen, and that a dose of alkali will 
produce the reverse effect, to see why and how they may alter the 
excretion of uric acid in the way I have shown that they do. And I 
suppose therefore that a dose of acid will increase the acidity of the 
liver and spleen and cause increased retention of uric acid in them, 
while a dose of alkali will diminish their acidity and sweep out the uric 
acid accumulated there. And this corresponds exactly with the effects 
of acids and alkalies on the urine, and, as I have pointed out in my 
paper on headache above referred to, explains an important point which 
would otherwise remain obscure, viz, why one day we have a severe 
headache with an excretion of 16 grs. of uric acid (see Fig. 3), and on 
another day little or no headache with an excretion of almost the same 
amount. 


The explanation of this is now easy: on the day of headache bons 


“Tumleian Lects.” Brit. Med. Journ. 1. 83, p. 649. 

* IT am aware that it has been shown by Nasse, Auerbach and others (see Virchow's 
Archiv f. Patholog. Anat. u. Physiol. xcvm, 1883, p. 512) that in flesh-feeders and 
man even. the most extensive administration of acids will not. render the blood and 
serum acid ; but this does not prove that we may not. and do not have small variations 
in the alkalescence of the blood and tissue fluids and of the parenchyma of. the liver 
and spleen occurring, even in normal conditions, which may be quite sufficient to produce 
the fluctuations in urie acid excretion which I have described. Bee also Sir W. Sie the 
Urinary and Renal Diseases, Ed. 1v. p. 56. . : 
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uric acid comes (apart from the urea) from the store in the liver and 
spleen, it is for a time in excess in the blood, and causes a headache: 
on the day of no headache the uric acid is formed along with much 
urea (the two curves (Fig. 3, Dec. 28th) are close together), the uric 
acid passes down the ureter with the urea, it is never in: excess in the 
blood, and there is no headache. We have thus clearly two sources of 
uric acid, on these two days (see Fig. 3, Dec. 28th and Jan. 2), and the 
relation of the uric acid to the urea gives us the key to the situation, 
and tells us from which source it comes. On the 2nd of January it is 
swept out of the liver and spleen and is in excess in the blood, on the 
28th of December it is not so: the overflow of uric acid from the kidney 
by the renal vein is small in amount and is not sufficient to cause 
symptoms: but when this small overflow has gone on for several days 
accumulating in the liver and spleen, and is then suddenly swept out 
into the blood by alkali, there is a very considerable amount of uric 
acid in the blood, and we get headache and other symptoms of its 
presence. Why then does the rise of uric acid excretion under alkali 
“not continue as long as the drug is kept up? Because there is merely 
increased excretion, not increased formation of uric acid, and the amount 
falls to normal or near it, as soon as the store in the liver and spleen is 


exhausted ; and conversely with acids, after the liver and spleen have 


retained a certain amount the retention ceases. 


There is another effect of giving acids of which I must say a 


few words: it may have been noticed in the figures that with 
the fall of uric acid produced by giving acid there is a rise of urea, 
and this is also I think a constant result: of course a large rise 
may be due to other causes, as much exercise or meat food, &c., but 
allowing for these variations there still remains the fact that a fall 
of uric acid brought about by acid taken for the purpose is accom- 
panied by a slight rise of urea. Thus, to take one instance out of 
many, the urine was taken for 2 hours before and 2 hours after 
a dose of acid; in that before the acid the hourly excretion of urea 
was 205 grs. and the uric acid ‘57 grs.; after the acid the urea 
was 23°5 grs. per hour and the uric acid ‘4 grs. per hour. Here 
there is a large fluctuation in the excretion of uric acid after the 
acid, and the reason is that the acid was here taken to cure a head- 
ache, which was gving on with the large excretion of ‘57 gr. per 
hour; there was a large amount of uric acid in the blood and the 
acid was able at once to shut up a considerable amount of this 
in the liver and spleen, and so reduce the uric acid in the next 
16—2 
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2 hours to ‘4 grs.; but when an acid is given under normal conditions 
it can only act on the small overflow of uric acid by the renal vein, 
and its effect on the excretion is slighter and takes a longer time 
to show any results.) What I believe may be the explanation of 
this increase of urea is as follows. It is I believe well known that 
uric acid taken by the mouth does not appear as uric acid in the 
urine’, but gives as its result a corresponding increase of the urea, 
and I think that precisely the same thing happens in the case under 
discussion. The dose of acid causes, we are supposing, a concentration 
of the circulating uric acid in the liver and spleen, and I think that 
a part of that which comes to the liver is converted into urea and 
so increases the excretion of that substance; and this is to some 
extent supported by the action of acids on this headache, as I have 
shown in my paper above referred to, that a headache coincides with 
a large excretion of uric acid, and I am now able to prove that a 
dose of acid not only diminishes the uric acid excretion, but cures 
the headache; and the headache is not merely put off and the acid 
retained for another occasion: but with the exception of a slight 
threatening during the “alkaline tide” of the next day (showing 
a considerable excretion of uric acid going on) the headache may go 
quite away, and not return for a long time, and this could be easily 
understood if we suppose that part of the uric acid retained by the 
dose of acid is at once converted into urea and so got rid of. 

I will only note here in passing that in many sufferers from this 
form of headache the attack begins during the strongest “alkaline 
tide,” i.e. that due to the digestion of breakfast. 

’ It has been noted that the excretion of uric acid is much affected 
by the digestion of food, and is three times as much during the 
“alkaline tide” as at other periods’: but if the facts I have brought 
forward and the explanations I have given are true, a large part 
of this increased excretion must be regarded as a washing out of | 
the uric acid accumulated in the liver and spleen in the (if I may 
so call it) acid tide period of sleep, and not as entirely due to masteiesin 
formation of uric acid during digestion. 

With regard to the question of increased formation of uric acid 
I would again draw attention to the curves in Fig. 3, where it 
will be seen that if the amounts by which the uric acid falls below 
the urea on the five days preceding the headache be regarded as 


1 Garrod. “Lumleian Lectures,” Brit. Med. Journ., 1. 1888, p. 549, 
2 Sir W. Roberts. Urinary and Renal p- 71, 
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retained in the liver and spleen, they would, if swept out on the — 
2nd of J anuary, almost exactly account for the 4—5 grs. by which 
the uric acid is in excess of the urea on that day. That the uric 
acid is below the urea on the two days following the headache merely 

] shows that there was again some accumulation going on in the liver 
and spleen. 

It has long been known that the excretion of the uric acid is 
much greater during the so-called “alkaline tide” than at other 
times: it has also been known that excess of acid would cause a 
deposit of urates or uric acid in the urine, and it has been argued 
from this that excess of acid or diminished alkalescence of the blood — 
and tissue fluids might be the cause of the urate deposits in gout’, 
but it has not been known that it is possible, as I have shown, to 
increase or diminish at pleasure the excretion of uric acid, within 
certain limits, nor have I been able to meet with any record of 
experiments parallel to my own. 

I shall not prolong this paper by pointing out the very important 
bearings on the pathology of gout and its kindred diseases that these 
observations must have, partly because my immediate object is to 
state the facts, and induce others to repeat my experiments with 
| acids and alkalies; and partly because I am still engaged in investi- 
gating the action of various drugs on the urinary excreta, and I hope 
to learn from these several things which will help me to explain 
some points in this connection more eeorny than I can do at 


present. 


1 Senator on Gout. Ziemssen, Vol. xvt. 
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PYREXIAL AGENTS. ALBUMOSE, PEPTONE AND 
-NEURIN. By ISAAC OTT, MD. anp CHARLES © 
COLLMAR, MD., Easton, Pa, Pl. VL, Figs. 4, 5. 


IF a small quantity of trypsin of Fairchild is rubbed up with a little 
water and injected into the circulation a fever ensues preceded by 
convulsive movements and a fall of temperature. Ifa little bicarbonate 
of sodium is added to the watery solution of trypsin the same result 
ensues. If a solution of trypsin is boiled for several minutes, then 
filtered and the filtrate injected into the circulation, fever follows. 
This experiment demonstrated that it was not the trypsin which acted 
as the pyrexial agent, for boiling destroys the proteolytic activity. To 
determine if it was a peptone, the powdered trypsin was treated with a 
little acetic acid and rubbed up with an excess of neutral sulphate of 
ammonium, This solution was filtered to remove the albumoses, then 
the filtrate was treated with an excess of hydroxide of sodium. When a 
few drops of a very weak cupric solution were added to the filtrate a rosy 
red reaction was seen indicating the presence of peptone. Twelve grains 
of trypsin was submitted to Hofmeister's test : it was treated to saturation 
with sulphate of magnesia and agitated by means of a water wheel for 
three hours to remove any globulin which might be present, then the 
solution was treated with a saturated solution of acetate of sodium, and 
next with perchloride of iron until a blood red colour ensued. It wasthen | 
nearly neutralised with sodic hydrate, leaving it slightly acid. The fluid 
was boiled for a few minutes and filtered, the filtrate submitted to dia- 
lysis and alcohol added to the dialysate; this precipitated the heavier 
magnesia quicker than the peptones. The supernatant alcohol containing 
the peptones was decanted, diluted with water and injected into the 
circulation ; it caused fever. The alcoholic watery solution of peptone 
procured by Hofmeister’s method was evaporated to dryness, the precipi- 
tate dissolved in water and injected into the circulation ; it generated a 
fever. The process of Hofmeister removes the albumins, globulins and 
leaves the peptones. To determine if any albumose was present the boiled 
filtered solution of trypsin was treated with an excess of neutral 
ammonium sulphate, and a trace of albumose was found. The above 
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tests show that in Fairchild’s trypsin albumose and peptone are present; 
but the quantity of albumose is small and it is mainly the large quantity 
of peptone which produces the fever. 

At this stage of experimentation we obtained through the kindness 
of Prof. Chittenden | 

1. Proto-albumose made from egg-albumin. 

2. Deutero-albumose from the same source as proto-albumose, of 

which it probably contains a little. 

3. Pure ampho-peptone from fibrin. 

4. Anti-peptone from fibrin by trypsin; contains some ash but is 
otherwise quite pure. 

Profs, Kiihne and Chittenden differentiate four albumoses, proto- 
hetero-, dys-, and deutero-albumose. In composition the albumoses are 
seen to differ from each other somewhat more than the albumoses do from 
fibrin. Examined in detail all the albumoses show a somewhat smaller 
amount of carbon than albumin itself. - In nitrogen there is a very 
close agreement throughout and in sulphur likewise. In the case of 
fibrin-albumose it was considered that the diminished per centage 
of carbon indicated plainly that the albumoses were hydration-products, 
and that they were formed from fibrin by simple hydrolytic action. 
With albumin however the results although less pronounced also in- 
dicate hydrolytic action and that the products are those of hydration. 

| | Ampho-peptone is the end product of the digestion of albumin by 
; pepsin and acid. There is great difficulty to obtain peptone free from 
albumoses; but neutral ammonium sulphate will cause a complete 
precipitation of the albumoses. Albumoses practically have no taste, 
{ whilst peptones have a most offensive taste. Even when fibrin most 
instantly disappears the amount of ferment may still be quite insuf- 
ficient to produce notable trace of peptones. Therefore care must be 
taken not to conclude immediately from a speedy solution that digestion 
has been complete, since completion is determined only by the dis- 
appearance of the primary cleavage products of digestion, that 1 is the 

change of albumose into peptones. 

The real difference between gastric and pancreatic peptones consists 
in the fact that only the former when treated with trypsin yield tyrosin, 
leucin and other decomposition products. 

The fever produced by albumoses and peptones was bawauliualed by 
means of d’Assonval’s calorimeter. This instrument was surrounded by ~ 
felt, feathers and saw-dust. With this arrangement it was found that 
when the temperature of the calorimeter was.a degree below that of the 
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air, the calorimeter rose during the hour only °025 of a degree of 
Fahrenheit. The air was aspirated from the calorimeter by means of 
Voit’s respiration-apparatus. The temperature of the air was always 
kept within a degree of that of the calorimeter. The thermometric 
observations were noted by means of instruments corrected at the Yale 
Observatory. - | 

The calorimeter experiments were made upon rabbits and it was 
found that both albumoses and peptones usually increase heat-production ; 
but during the first hour the heat-production is decreased by the 
peptones whilst the albumoses increase during the first hour the heat- 
production. Heat-dissipation during the first hour is usually decreased 
by both peptones and albumoses. The temperature during the first 
hour rose with both albumoses and peptones, the only exception being 
in Exp. 6 with peptones. 

If the fever produced by albumoses is studied longer than an hour, it — 
is found that whilst albumose and peptone fever reach their height 


during the second hour after the jugular injection, with peptone heat- 


production and heat-dissipation also, though at first diminished, have 
reached their height by the end of the third hour, whereas with albumose 
the height of the fever and the height of increased production and 
occasionally heat-dissipation correspond in point of time. After the 
end of the third hour either with albumose or peptone both heat-pro- 
duction and heat-dissipation fall, as also does the temperature. 

The following experiments support the preceding observations. 


Albumoses. 
Heat- Heat- 

Dose Time production dissipation Rectal temp. 
Exp, I. Proto lst hour 4°18 1°02 102°6—103°4 

“020 2nd hour 6:09 104:°8—105°6 
Exp. II. Proto Ist hour 17°34 14°65. 103—104 
| 020 2nd hour 18-09 13°24 103°2—105 
Exp. III. Deutero lst hour 34°35 30°70 1026—103°6 

020 2nd hour 25°63 24:90 104:2—106-2 
Exp. IV. Deutero Ist hour 2332 21°41 102:2—102°6 

020 2nd hour 23°36 21°34 102°8—103°8 
Exp. V. Proto lst hour 18-02 21°97 102-:2—100°7 

040 2nd hour 23°29 23°03 102°3—102-4 


Exp. VI. Proto hour 23°27 23°27 = 101°2—101°2 
7 ‘040 2nd hour 19°43 19-03 102—102:2 
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Peptones. 
Heat- Heat- 
Exp. VII, Ampho Ist hour 26°87 25°90 103—103°4 
020 2nd hour 22-20 21°24 103°8—104°2 
Exp. VIII. Ampho Ist hour 38°30 43°55 103-4—101°8 
040 2nd hour 33°35 31°38 103—103°6 
Exp. 1X, Anti Ist hour 8:68 5°80 102-6—103°6 
020 2nd hour 16°60 12°65 104:'2—-105°6 
Exp. X. Anti Ist hour 11°67 669  $101:8—103°8 
020 2nd hour 8:60 4:37 102:8—104°5 
Exp. XI. Anti lst hour 33°20 32°23 101-6—101°9 
040 2nd hour 25:37 20-82 101:9—103°3 
Exp. XII. Anti Ist hour 25°73 27°70 103:3—102:0 
2nd hour 28:06 30°19 102°6—101°2 
Heat-production Heat-dissipation 
«418 8°62 = + 4°44 1-02 6:09 = + 5°07 
17°34 18-09 = + 0°75 14°65 13-24 = — 1°41 
. 8435 2563 =-—8-72 30°70 24:90 = — 5-80 
22:22 23-36 = + 1°14 21°41 21:34 = — 0°07 
18°02 23°29 = + 5°27 21:97 23:03 = + 1:06 
23°27 | 19°43 = — 3°84 23°27 19°03 = — 4:24 
Peptones. 
Heat-production Heat-dissipation 
26°87 22:20 = — 4°67 25°90 21:°24=— 4°66 
38°30 33°35 = — 4-75 43°55 31°38=— 2°17 
8°68 16°60 = + 7°92 5°80 12°65=+ 6°85 
11°67 8:60 = — 3:07 6°69 437=— 2°32 
33°20 25°37 = 7-43 32°23 20°82 = — 11°41 
‘25°73 28°06 = + 2°33 27°70 30:19=+ 2°99 
Anti-peptone 
Exp, XIII. 
Heat-  Heat- 

040 gr. 1.35—2.35 p.m. 29°70 27°23 106°1—102-2 
at 2.45 p.m. 3.05 —4.05 16°38 23°38 102:2—-104°8 
4,25—5.25 32°12 29°69 104°8—103°6 

5.58—6.58 16°68 15°36 103-2—102°6 


4 
> 1% 
¥ 
a 
a 
x 
a 
4 
- 
+ 
& 
¥ 
be 
pei 
be 
. 
4 


222 I. OTT AND C. COLLMAR. 


Proto-albumose. 


Exp, XIV. 


040 gr. 1.91—2.21 p.m. 23:98 
at 2.35 p.m. 3,12—4,12 31-1 30-78 1033—103-2 
4.40—5.40 31-11 27-46 103—1019 
6.05—7.05 17-73 1841  102-3—1025 


In Pl. VI. Fig. 4, the increase and decrease of heat-production and 
heat-dissipation are shown by curves, the dotted line is peptone and 
the straight line albumose. The zero line is the abscissa, the numbers 
denoting heat units. Thus in Exp. 6, the heat-production was increased 
by peptone, the temperature fell and heat-dissipation was increased. 
In Fig. 5, the course of albumose fever is shown by the straight line, 
that of peptone by the dotted line. They represent by curves the rise 
and fall of heat-production and heat-dissipation in Exps. 13 and 14. 


Effect on Circulation and Respiration. 


The researches of Pollitzer show that albumoses prevent the coagu- 
lation of the blood, whilst the peptones do not. The observations of 
Fano and Schmidt-Miilheim were made with peptones containing 
albumoses. In the rabbit albumose does not have this action upon the 
blood. It has also been shown by Pollitzer that both the albumoses 
: and peptones greatly reduce the blood-pressure. That the rise of tem- 
perature was not due to pressure changes is shown in Exps. 28 and 29, 


where the pressure is falling at the time the fever is rising. The res- 
piration at the same time is considerably reduced. Now the query arises, 
| What part of the economy is concerned in the production of this fever ? 
Is it the tissue or the nervous system which is primarily acted upon ? 
To eliminate the nervous system curare was used. 

As is known one of us, I. Ott, has discovered three faints in the 
brain which when injured cause fever: (1) the neighbourhood of the 
corpus striatum, (2) the anterior inner end of the optic thalamus and 
| (3) a point between the thalamus and corpus striatum which has been 
. pointed out by Schiff as causing a peculiar cry. These three points 
produce upon puncture in a few hours considerable fever: in the 
thalamic point sometimes 7°F. in an hour. Ottalso has shown that this 
fever is due to increased production of heat, and continues for some days. 
Now if curare does paralyse the thermic fibres, as Pfliiger has shown, _ 
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then the injection of either albumose or peptone in a curarised animal 
would show if the nerves are involved or not in the causation of this 
pyrexia. We have made several experiments with cats and rabbits 
with different degrees of ambient temperature, but with one exception 
there was no rise of rectal temperature. 

This would demonstrate that the action of albumose and peptone is 
upon the nervous system. The fact of albumose not acting on the 
blood, in the prevention of its coagulation in the rabbit, would favour in 
this animal, the exclusion of the tissues as being primarily affected. 
The rise of temperature in the peptone fever during the first hour, 
when heat-production and heat-dissipation are reduced, would also be 
on the side of the nervous system being acted upon in the first instance, | 
The drowsiness exerted by these agents also shows that they have an 
action upon the nervous system. All these arguments lead to the 
conclusion that albumoses and peptones produce fever by an action on 
the nervous system which then disarranges the equilibrium of the 
tissue-metamorphoses which produce heat. 


Papayotin. 

This body causes when injected into the jugular considerable fever. 
The origin of this is due toa noay discovered by Mr S. H. E. Martin 
and described in a previous paper’ of this Journal: He found a body most 
nearly allied to proto-albumose but differing from it in not being precipi- 
tated by saturation with sodium chloride in neutral solution but only 
when this is distinctly acid. He describes it as a phyto-albumose, 


Neurin. 


This body when injected into the circulation also causes pyrexia. 
It is found in both normal tissues and putrefying animal matter and isa 
transition between ptomaines and leucomaines. When a drop was 
injected per jugular the respiration was momentarily arrested and some- 
times artificial respiration was resorted to that the animal ise be 
saved. 


Exe. XV. Rabbit received four Ome of trypsin in a solution containing 
a little bicarbonate of sodium—by the jugular—one injection caused convulsive 
movements and slowing of the heart. 


1 Vol. v. p. 213, 1885, 
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Time | Rectal Temp. 
3.07 p.m. -103 
| 3.08 injection of trypsin : 
3.15 101 
i 3.25 101 
3.40 102°4 
4,27 103-4 
4.51 104°8 
5.15 105-2 
i 6.23 106 
8.55 104°6 
Exe. XVI. Rabbit. 
Time Temp 
2.5 p.m. 103 
- 2.6 —_ injection of 1} grains of trypsin 
2.37 | 103-4 
3.20 | 1046 
a 3.47 104°4 
i 3.51 injection of 3 grains of trypsin 
} 4.21 102 
5. 103-4 
5.17 103-6 
6.25 | 103°5 
7.47 103 
Exp. XVII. Rabbit. 
| Time | Temp. 
4 1.40 p.m. injection of a solution of trypsin 
which was filtered, and contained 
6 grains 102°4 
1.55 slowing of the heart 
2.15 103°2 
2.50 
3.25 1046 
4.37 105 
5.10 1056 
5.55 1056 
7.10 103°6 
Exp. XVIII. Rabbit. | 
Time Temp. 
1.45 p.m. injection of a boiled filtered solution 
of trypsin 103-2 
2.40 no apparent disturbance of respir- 
ation or convulsive movement 
3.15 103 
3.55. | 105°3 
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Exp. XIX. Rabbit. 
Time 


1,45 p.m. 

1.55 injection of trypsin solution 
2,20 

2.50 

3.20 

4.05 


Temp. 
103 


102°6 
105-4 
106°2 
106 


Exp. XX. Rabbit. 
Time Temp. 


2.00 p.m. 
2.40 injected 2 grains of Merck’s peptone 
e carne 

3.0 

3.30 

4.0 


4.30 


Exp. XXI. Rabbit. 
Time Temp, 
- 4,20 p.m, 4 grain of Merck’s papayotin by 


jugular caused convulsive move- ; 

ments —-103°3 

5.45 106-6 

640 106-4 

Exp. XXII. Rabbit, solution from Hofmeister’s method (already 

described) injected. | 

Time Temp. 

p.m 103°4 


6 104:8 
Exp. XXIII. Rabbit. 


Time Temp. 
1.50 p.m. 1026 
Solution from Hofmeister’s method 


inj 
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Exp, XXIV. Rabbit. 
Time 
11.0 a.m. } grain of antipeptone by jugular 
11.40 
0.15 p.m. 
1.10 
2.0 
Exp, XXV. Rabbit. 
Time 
11.30 a.m. } grain of proto-albumose by jugular 
0.15 p.m, 
1.10 
2.10 
Exp, XX VI. 
Time 
1.35 p.m 
1.45 2 grain of deutero-albumose by 
jugular 
2.30 
3.0 
3.35 
4.0 | 
Exp, XXVIII. Rabbit. 
Time 
1.30 p.m. 
2.15 injected 4 grain of ampho-peptone 
: by the jugular 
2.50 
3.30 
4.0 
Exp. XXVIII: Rabbit. 
Blood Air Rectal 
Time pressure temp. temp. 
2.00 pm (72 82 98 106 
2.13 030 gr. of anti-peptone by jugular 
2.13°15 90 80 
2.13°30 78 
2.20 | 95 106-4 
2.57 77 76 91 106-6 
3.15 76 87 106°6 
Exp. XXI1X. Rabbit. 
Time Pulse Respiration 
2.37 p.m. 58 74 
2.38  46°040 grs. of deutero-albumose by jugular 
3.58 3 44 50 40 


Respiration 
120 


x 
q 
: 
& 
emp. 
03°6 
02:8 
06-4 
e 
05°6 
04°6 
Temp. 
103°2 
104 
105-4 
104-4 
1 Temp. 
103°4 
104:2 
105-2 
4 105°4 
104-6 
Temp. 
1023°4 
103 
105°6 
1056 
| = 
| 
4 
4 
i 86 
68 
; 
88 
Rectal 
temp. 
x 
+ 
4 100 
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Exp. XXX, Cat, curare given at 1.45 p.m. 


2.30 p.m. fully under curare 95°3 
2.35 injected 80 milligrammes of deutero- 
3 albumose into jugular 7 
2.50 94°6 
3.15. 
4.00 O45 
Exe. XXXI._ Rabbit. 
Time Air temp. Rectal temp. 
3.40 p.m. 90 105°8 
040 gr. deutero-albumose by jugular 
3.50 84 105-2 
4.37 86 104°8 
5.35 88 104°7 
Exp. XXXII. Rabbit. 
Time Air temp. Temp. 
2.40 p.m. 86 103°8 
2.42 injected ‘030 gr. of anti-peptone 
2.45 86 103°8 
2.55 86 103°3 
3.50 102-4 
Exe, XXXITI. Cat curarised. 
Time Rectal temp. temp. 
2. p.m. received by jugular, ‘020 gr. of antipeptone 
2.1 
2.28 97°8 77°8 
2.34 97°9 raises head i 78°6 
2.45 injected 5 minims of curare solution 
2.42 97°8 
2.47 97°1 
2.58 97°5 animal perfectly curarised 
3.5 97°5 
3.12 97°6 
3.22 81°8 
3.37 98-1 


Exp. XXXIV. Cat, Op jugular’ prepared. 


‘Time 
2.20 


2.35 
3.10 


‘co Air temp. 


102°4 99 

98 

104*1 96 in jected 046 of antipeptone 
103-2 94 pep 
103°5 95 

103°1 94 

103-1 96 

103-0 96 

102°8 96 

102-7 97 


102°3 92 
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Exp, XXXV. Cat curarised. 
1.50 100-7 100 
| 2.3 1011 98 
| 2.12 101 99 
| 3.55 -103°2 95 
4.00 injected ‘030 gr. deutero-albumose 
4.15 103:2 95 
4.30 * 103°3 93 
4.50 102°7 95 curare injected 
5.10 102-2 95 made attempts at respiration 
5.40 1922 
i Expr. XXXVI. Rabbit. 
| 4.55 p.m. 104-6 
5.0 injection of 7, drop of neurin 
5.35 
6.0 104°9 
6.45 104°5 
Exp, XXXVII. Rabbit. 
Time | Temp. 
4.35 p.m. 104°4 
4.40 4 drop of neurin by jugular 
4.55 104°7 
5.10 
5.30 105-8 
5.45 106-0 
6.0 106:1 
6.30 105°6 
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A DEMONSTRATION ON MAN OF ELECTROMOTIVE 
CHANGES ACCOMPANYING THE HEART'S BEAT. 
By AUGUSTUS D. WALLER, M.D. 


Ir a pair of electrodes (zinc covered by chamois leather and 
moistened with brine) are strapped to the front and back of the chest, 
and connected with a Lippmann’s capillary electrometer, the mercury in 
the latter will be seen to move slightly but sharply at each beat of the 
heart’. If the movements of: the column of mercury are photographed 
on a travelling plate simultaneously with those of an ordinary cardio- 
graphic lever a record is obtained as under (fig. 1) in which the upper 


Fie. 1. Man. Heart led off to eletrometer from front and back of chest (tont t 
Hg; back to H,SO,). 
electrometer. h.h. cardiograph. t.t. time in seconds. 


line h.h, indicates the heart's movements and the lower line e¢.e, the 
level of the mercury in the capillary. Each beat of the heart is seen 
to be accompanied by an electrical variation. | 


_ 1 The capillary column of mercury is vertical; the electrode connected with the mer- 
cury will be spoken of as the ‘‘Hg electrode”, that connected with the sulphuric acid 
as the ‘“‘H,SO, electrode”. When the Hg electrode becomes negative to the H,SO, 
electrode the mercury moves away from the point of the capillary—i.e. northwards in the 
field of the microscope with eye-piece, or when projected without eye-piece. When the 
H,S0, electrode becomes negative to the Hg electrode the movement of the mercury is 
southwards. The letters 8 and N will be used to characterise such movements. When 
these movements are photographed, the mercury interrupting the light of a vertical slit © 
gives the white portion of the developed sensitive plate, the remaining portion being black 
with the exception of the white lines caused by the chronographic or other levers which 
See ee The tracings read from left to 
right. 
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230 A. D, WALLER. 


The first and chief point to determine is whether or no the 
electrical variation is physiological, and not due to a mechanical altera- 
tion of contact between the electrodes and the chest wall caused by the 
heart’s impulse. To ascertain this point accurate time-measurements 
are necessary ; a physiological variation should precede the movement 


_of the heart, while this could not be the case if the variation were due 


to altered contact. Fig. 2 is an instance of such time-measurements 
taken at as high a speed of the travelling surface as may be used with- 
out rendering the initial points of the curves too indeterminate. It 
shews that the electrical phenomenon begins 4 little before the cardio- — 
graphic lever begins to rise. The difference of time is however very 
small, only about 025”, and this amount must further be diminished by 
‘01” which represents the ‘‘lost time” of the cardiograph. The actual 
difference is thus no greater than ‘015”,.and the record is therefore, 


Fro, 2. Man. Heart led off to electrometer from front and back of chest (front to Hg ; 


e.e. electrometer. h.h. cardiograph. time in sec. 


although favourable to the — interpretation, not conclusively 
satisfactory. 

We know, from the experiment of the secondary contraction made 
by Helmholtz’ on voluntary muscle, by Kélliker and Miiller* and 
by Donders’ on the heart, that the negative variation of muscle begins 
before its visible movement, and the current of action of the heart 
begins before the commencement of the heart’s contraction. For 
muscle the time-difference given is y},”, for the heart (rabbit) 1,” ; for 
the frog’s heart the rheotome observations of Marchand‘ are to the 


1 Monatsberichte Berlin Acad. 1854. p. 329. 

2 Verhandl, phys. und. Ges, Wiirtzburg, 1856, vi. p. 528. 
3 Onderzoekingen, Utrecht, 1872, p. 261. 

4 Pfliiger’s Archiv xv. 1877, 511. 
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effect that the variation begins -01” to ‘04” after excitation, while the 
contraction does not begin until ‘11” to 33”. The capillary electrometer 
may with advantage be employed to measure this time-difference, the 
electrical and the mechanical events being simultaneously recorded. 
This I carried out on voluntary and upon’cardiac muscle with the same 
instrument as that which I employed for the human heart, and thus 
ascertained that its indications are trustworthy in this capacity. 


Fra, 8, - Frog. Gastrocnemius led off to electrometer from from the middle of of the muscle 
and from the tendon. Contraction excited by a single break induction shock applied to 
the sciatic nerve. 
e.e. electrometer. m.m, muscle, t.t. time in yyth seo. 
(muscle to H,SO,; tendon to Hg). 


The dip hasic variation (1st phase middle negative to end; 2nd phase end negative to 
middle) about “01” before the commencement of muscular contraction. 


Fie. 4. Frog’s heart. Spontaneous contraction. 
electrometer. hh. heart's contraction. _—¢.t. time in sec. 
(apex to H,SO,, base to Hg). 
The variation is di 


phasic—S. N. 
The firs first phase begins 7,” before the commencement of contraction. 
17—2 
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232. A, D, WALLER. 


5. Kitten’s heart, excised. 
(apex to Hg. base to H,SO,). 
e.e. electrometer, h.h. cardiograph. t.t. time in sec. 


In all these cases the antecedence of the electrical variation is clear 
and measurable. In the case of the excised kitten’s heart the time-differ- 
ence is about '05” with a length of contraction of about 2”, i.e. the in- 

terval between the electrical and the mechanical event is increased in 
- the sluggishly acting organ, In the case of the human heart the time- 
difference appears to be about ‘015” with a length of systole of ‘35”—a 
value which corresponds with that obtained by Donders for the 
rabbit’s heart in situ by the method of the secondary contraction, viz. 
7s (the length of systole being presumably about }"). | 

That a true electrical variation of the human heart is demonstrable, 
may further be proved beyond doubt by leading off from the body 
otherwise than from the chest wall. If the two hands or one hand and 
one foot be plunged into two dishes of salt solution connected with the 
two sides of the electrometer, the column of mercury will be seen to 
move at each beat of the heart, though less than when electrodes are 
strapped to the chest. The hand and foot act in this case’as leading 
off electrodes from the heart, and by taking simultaneous records of 
these movements.of the mercury and of the-movements of the heart it 
is seen that the former correspond with the latter, slightly preceding 
them and not succeeding them, as would: be the case if they depended 
upon pulsation in the hand or foot. This is unquestionable proof that 
the variation is physiological, for there is here of course no possibility of 
altered contact at the chest wall, and any mechanical alteration by 
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arterial pulsation could only produce an effect “15” to ‘20” after the 
cardiac impulse. A similar result is obtained if an electrode be placed _ 
in the mouth while one of the extremities serves as the other leading 
off electrode, The electrical variation precedes the heart’s beat as in the 
other cases. mentioned. 


‘ 


Fic. 6, Man. Led off to electrometer by right hand and right foot. 
(hand to Hg. foot to H,SO,). | 
¢.¢, electrometer. h.h. cardiograph. t.t. time in »,th sec. 


Fic. 7. Man. Led off to electrometer by mouth and left foot. 
(mouth to Hg. foot to H,SO,). 
e.e, electrometer. h.h. cardiograph. time in jyth sec. 


In conclusion it will be well to allude ¢o the difficulties which arise 
in the interpretation of the character of the electrical variation of the 
human heart. 

By mere inspection of the <taanesimana it is often most difficult to 
determine the direction of very rapid movements of the mercury, and 
photography must be employed. But even then, owing to the small 
amplitude of movement, it is still difficult to say whether the variation 
consists of two movements, and whether each movement indicates a 
single or a double variation in the same direction. Differences in the 
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position of the electrodes also give rise to differences of the apparent 
variation. Thus with the following position of the electrodes (Hg 
electrode over the apex beat, H,So, electrode on the right side of the 
back) the variation as watched through the microscope appears usually 
nN, and changes to SN if the Hg electrode be shifted to the sternum. 
If the Hg electrode is on the back and the H,So, electrode over the 
apex beat, the variation appears to be sS and to become nS when the 
H,So, electrode is shifted away from the apex beat. The variations 


- accompanying the heart’s beat observed as carefully as possible (without 


the aid of photography) on a healthy person with different positions of 
the leading off electrodes were as follows. It is to be remarked that 
the direction of variation as observed in this series is not such as to in- 

dicate negativity of the cardiac electrode but the reverse. | 


Electrode 
reversed 
Precordium to H,SO, Back to Hg SS variation | NN 
” lefthand , SS ,, NN 
” i ” Left foot ” SS ” NN 
Right foot ,, SS NN 
Left hand Righthand ,, SS* _,, NN 
Right hand oe Right foot ,, NN* ,, SS 
Right foot Left foot O O 
Mouth Precordium ,, NN ,, SS 
” ” Right hand __s,, O ” SS 
” ” Left hand ”? NN* ” SS 
is Left foot SS 


It is on account of these sources of doubt that I have not thought it 
advisable at this stage to attempt a definite interpretation of the char- 
acter of the variation, which although as shewn, especially by the ex- 
periments illustrated in figs. 6 and 7, is certainly physiological, may 
nevertheless be physically complicated by the conditions of demonntra- 
tion on the human body. 
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OBSERVATIONS ON THE ENDOCARDIAL PRESSURE 
CURVE. By H. D. ROLLESTON, B.A. St John’s College. 
PL VIL. 


(From the Pathological Laboratory of the University of Cambridge.) 


THE brilliant observations of Marey and Chauveau on the 
endocardial pressure, as observed by means of the “ graphic” method, on 
the heart of the horse have been so valuable in assisting us to a better 
understanding of the mechanism of the heart, that various causes of 
error, inherent in the method they adopted, have not received the 
attention they merit at the hands of physiologists. 

The “tambour ” arrangement used by the French observers does not 
permit of both positive and negative endocardial pressures being recorded 
simultaneously. In addition to this the method in question is only 
applicable in the case of very large animals, such as the horse, a 
fact which places its employment out of the reach of all but a very few 
investigators. 

Moreover the long elastic column of air a width the changes of 
pressure within the ventricle are conveyed to the recording tambour, 
and the known imperfections of the latter instrument owing to its 
tendency to record inertia vibrations, are sources of possible error 
which make it desirable to re-investigate the subject by some more 
trustworthy method. 

After trying various methods I have, thanks to the instrument kindly 
put at my disposal by Prof. Roy’, been able to investigate the pressure 
curve within the hearts of dogs or rabbits in a satisfactory manner. 

The chief objects kept in view in arranging this apparatus were, first, 
the desirability of recording negative as well as positive pressures; 
secondly, to make the vertical movements of the point of the recording 
lever correspond exactly to the height of the pressures which were being 


1 Prof. Roy requests me to say that he received oats 0 assistance from Mr Horace 
Darwin in constructing this manometer. 
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measured ; and, thirdly, by using a very short wide tube containing an in- 
compressible fluid and reducing the weight of the recording part of the 
apparatus, to eliminate inertia vibrations sufficiently for all practical — 
| 


Method employed. 


The accompanying figure shews, reduced to half the natural size, the 
arrangement’ which has been found most satisfactory and convenient. 

_ A short brass tube [A], the interior of which is very carefully bored 

and polished, contains a vulcanite piston [B], which is accurately turned 


so that it can move up and down in the tube with little or no friction, a 
little oil being all that is required to render the junction between it and 
the cylinder water-tight. 

Owing to the fact that the pressures within the heart rise and fall 
rapidly above and below the atmospheric pressure, the escape by 
the side of a piston of this kind is so slight (a few drops only 
in the course of two or three hours) that it in no way vitiates the curves 


on 
Bos 
4 
3 
3 3 
~ 
F 
° 
Cc 
GC. 
Ve 
J! 
— 
¥ 
N 
ites j 
. 
J 
J 
L 
7 
Fs 
se. 
ia 
\ 
- 
x 
: | 
we: ac 
1g 


* 


ENDOCARDIAL PRESSURE. 237 


obtained, indeed a very much larger escape than that which actually 
takes place would not at all interfere with the accuracy of the results. 

The lower part of the tube [A] is placed in communication with one 
of the cavities of the heart by one of the methods presently to be 
described. The movements of the piston are recorded by means of the 
lever [C], the connection between the piston and the lever being shewn 
in the smaller figure. Attached to the lever is a section of a pulley [H], 
the axis of which coincides with that of the steel ribbon [E]; while, firmly 
fixed to the piston, is the curved steel piston-rod [I], from the top of 
which a strong silk thread [J] passes downwards into the groove on 
the pulley. 

This thread [J], after being twisted several times round a small 
pin at the side of the lever, enters the groove in the pulley from above 

_ downwards, and then passes to be fixed to the lower part of the curve on 
the piston-rod as shewn in the smaller figure. 

This little arrangement allows the piston to push the lever up or 
pull it down without any risk of the piston becoming jammed as would 
be the case were the piston rod attached to the lever by a joint. More- 
over, if the thread be kept tight, there is no want of agreement between 
the movements of the piston and those of the lever, in other words there 

is no “ backlash” as it is technically called, such as so readily occurs in 
the case of an ordinary hinge-joint. | 

_ _The rise and fall of the lever [C] is controlled by the resistance to 
torsion of the steel ribbon [E], to the middle of which one end of 
the-lever is securely fixed by a light screw clamp [F]. At some distance 
from this clamp—the distance varying with the degree of resistance which 
it is desired to give to the movements of the lever—are two holders 
[G.Q’] which securely clamp the steel ribbon. 

As the torsion of a steel wire or strip follows Hooke’s law—the 
torsion being proportional to the twisting force—the movements of 
the lever point are proportional to the force employed to twist the steel 
strip or ribbon—in other words to the pressures which act on the piston 

As it is desirable that the curves obtained should be neither so large 
as to introduce errors from inertia vibrations of the moving part of the 
apparatus, nor so small as to render them difficult to read, the resistance 
offered to the movements of the piston should be capable of being varied 
within comparatively wide limits. To this end, viz. to make it possible 
to record satisfactorily the very varying ventricular and auricular pressures, 
the resistance to torsion of a steel ribbon adapts itself very conveniently, 
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This resistance can be varied in two ways, Ist by using one or more 
pieces of steel ribbon or by using strips of different thicknesses, or 2nd by 
varying the distance between the holders (G.G’) and the central part of 
the steel ribbon to which the lever is attached. 

The calibration of the instrument is very simple, all that is required 
being to close the connecting tube [K] between the cavity of the heart 
and the cylinder [A], and to open the other limb [L] of the T-tube [M], — 
which has previously been put into communication with a mercury mano- 
meter and with some arrangement for raising or lowering the pressures 
within the apparatus, By this means a series of horizontal lines corre- 
sponding to different known pressures can be drawn on the recording 
drum. I usually, however, recorded the level which in my tracings 
corresponds to the atmospheric pressure by simply connecting the limb 
[L] with an open vessel containing the same fluid as the manometer and 
placed at the level of the heart. This is done immediately after any 
given tracing has been taken, and it is by. this method that the 
abscisse lines which correspond to the height of the atmospheric pressure 
in my figures were obtained. 

The method employed by Marey and Chauveau and by others, 
to convey the intra-cardiac pressures to their recording instruments 
by means of a long narrow tube passed down one of the carotids or 
jugulars, seems to me objectionable, owing to the fact that the friction in 
such a tube must necessarily seriously interfere with the conveyance of 
rapidly changing pressures. If, with the view of diminishing the friction, 
air be employed as the medium of transmission between the interior of 
the heart and the manometer, the elasticity of such an air column 
introduces a very important source of error, owing to the extreme 
readiness with which it permits of inertia vibrations of the moving 
parts of the recording apparatus. | 

The former of these two sources of error—the friction through a narrow 
tube—is less of course in the case of a large animal like the horse than 
in observations in which dogs or rabbits are used. In the case of these 
latter animals it seemed absolutely essential to connect the heart with 
the recording instrument by some other method which is free from the 
objections above mentioned. 

The following is the method which I have usually employed 
and which I have found to give satisfactory results. A window is made 
in the thorax of an anaesthetized and curarized animal and an appro- 
priately curved glass cannula introduced through an opening in the 
auricular appendix. The cannula is then passed through the orifice 
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of the auriculo-ventricular valve without causing any appreciable 
regurgitation into the auricle or indeed any noticeable derangement 
of the heart’s action. 

In order however to control the results obtained by this method, I 
frequently introduced the cannula into the cavity of the right or left 
ventricle by an opening made in the apex of the heart.. This can be 
done without any difficulty and produces no apparent change in the 
heart's action. 

Both in the case of introduction of the cannula through the auricular 
appendix and through the wall of the ventricle it is necessary to tie the 
tube in, so that no blood may escape at the side of the cannula. To 
prevent these ligatures from slipping over the smooth heart wall all 
that is required is to pass them by means of a curved needle through a 
fold of the visceral pericardium on two sides of the opening through 
which the cannula passes. | 

When the cannula is introduced through the ventricular wall a small 
incision is first made with a narrow bladed knife, care being taken not 
to introduce the knife so deeply as to penetrate into the ventricular 
cavity. By means of a curved needle the ligature is then passed round 
the opening, the thread passing through one or two folds of the visceral 
pericardium ; it is then easy to push the point of a glass cannula into 
_ the cavity of the ventricle and to tie it there without losing a drop of 
blood in the process. When the cannula is introduced in this way, it is 
most convenient to use one bent at a right angle with the point nearly 
of the same shape as that of an ordinary artery cannula, its internal 
diameter varying with the size of the heart. When, on the other hand, 
the cavity of the ventricle is reached from the auricular appendix it is 
advisable to employ a cannula bent at a right angle in two planes, in 
such a way that when in situ it reaches as far as the middle of the 
ventricular cavity without straining the wall of the heart. An advantage 
in having the thorax open in these experiments consists in the fact that 
it is possible by the finger to feel through the wall of the heart the 
_ exact position of the point of the cannula inside that organ and so 
correct any displacement. 

It is however evident that observations on the endocardial pressure 
curve obtained with an open thorax cannot be assumed to be identical 
with those which would be got from the heart in an intact thorax; and, 
in order to control the results of the observations made by the method 
just described, a modification of it has been employed, which permits of 
the interior of the cavities of the heart being reached without opening 
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the thorax, and without introducing such sources of error as are 
encountered when the auricle or ventricle is reached by a long narrow 
tube passed down the jugular vein or carotid artery. | 

The method in question consists in pushing a trocar through the chest 
wall into the ventricular cavity through its anterior wall, the trocar being 
then put in connection with the recording apparatus in the same way 
as is the cannula when the thorax is opened. This method of reaching 
the interior of the heart for the purpose of measuring the intra cardiac 
pressure has been employed by Magini’. Owing to the difficulty of 
penetrating the anterior wall of the ventricle without injuring or 
wounding other parts of the heart and neighbouring organs and owing 
to the fact that a certain quantity of blood escapes from the heart by 


the side of the trocar, there are considerable objections to the Saaploy- 


ment of this method. 

By this means however I have obtained tracings which appear to be 
perfectly trustworthy, and which may therefore be accepted for purposes 
of control and comparison with the curves obtained from the exposed 


heart. 


In all my experiments the tube connecting the cavity of the 
auricle or ventricle with the recording instrument has been wide and 
as short as possible so as to eliminate errors from friction. 

Finally, in order to avoid coagulation of blood within the cannula 
the apparatus was filled at the beginning of the experiment either with — 
a solution of “leech extract” in °75 salt solution or with a solution of 
sodium bicarbonate, specific gravity 1083, while leech extract was in 
many instances also injected into one of the veins’. 

With such precautions it is not difficult to prevent coagulation of 
the blood in the cannula and apparatus. It might be added that the 
changes in the form of the curve due to the presence of clots in the 
apparatus are so characteristic, that esd short experience enables one 
to recognize them without fail. 

_ The animals used in this research were chiefly dogs, some rabbits 
were used, but all the curves shewn on Plate VIL. are from dogs. 


1 Magini, Archives Italiennes de biologie, Tome yu. fase. 1, 1887. 
2 Since I finished my researches Prof. Roy and Mr Adami have found that coagulation 


within the apparatus which I employed can practically be entirely prevented if olive oil be 
used instead of any of the fluids above mentioned. 
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The normal curve. 


} Figs. 1. 2. 8. 4. Plate VII. taken from the left ventricle shew some of 
the forms of curve usually met with. 

In all a marked resemblance is visible. The pressure rises from the 
point A, Figs. 1 & 4, situated at or near the abscissa line corresponding 
to the atmospheric pressure, with a gently curved upstroke to the 
highest point of the wave B. The descent is at first gradual, a more 
or less deeply indented notch C being shewn between the summit and 
the shoulder D. From the latter point the pressure falls, at first rapidly, 
afterwards more slowly, until the point # is reached which corresponds 
to a varying pressure often below that of the atmosphere. After this 
negative pressure the curve rises almost to the line representing the 
atmospheric pressure, near which, and shewing one or more sada it 

continues until the beginning of the next upstroke. 
‘These curves (Figs 1. 2. 3. 4) were taken from the left cain of 
| | four different dogs, the cavity of the ventricle being reached in various 
_ ways. In the case of curve 1, the thorax was unopened, the animal being 
simply anesthetized with ether and chloroform and the heart reached 
by a trocar pushed through the chest wall into the heart. In curve 2, 
a window was made in the front of the thorax on the left side, and in 
the apex of the heart so exposed a small opening was made and 
a cannula introduced into the left ventricle. In the case of curve 
3, the heart was exposed by a similar method but the cavity of 
the left ventricle was reached from its auricular aspect by a cannula 
introduced from the tip of the auricular appendix and passed through 
the mitral orifice. The same method was employed in the case of 
curve 4, 
As will readily be understood, the part of the curve from,A to D 
- corresponds more or less exactly to the ventricular contraction, while 
the part from D to the beginning of the next rise at A represents 
the period during which the ventricular muscle is undergoing expansion 
in diastole. 

I will first of all consider what conclusions may be drawn from these 
curves as to the normal mechanism of the heart’s action in the dog, 
and will then refer to those variations in the form of the curve which 
can be brought about by nee of whe conditions under which the 
heart is placed, 

The general sadusiiaans of Figs. 2. 3 to the tracings given by 
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Chauveau and Marey might lead to a misunderstanding as sic oema 
the meaning of certain parts of the curve here obtained. 

This is especially the case as regards the rounded eminence F' and the 
succeeding notch G; which look as if they were due to a rise of pressure 
within the ventricle resulting from an auricular contraction. Such is 
not however the case, as will be seen on reference to Figs. 1. 4, taken 
from more slowly beating hearts, where it is evident that the rounded 
eminence is really a post-ventricular systolic rise of pressure and not a 

pra-systolic rise, as would be in the case were it due to the contraction 
of the auricle. 

With regard to the auricular systole, it can be seen in Figs. 1. 4, 
that this event produces no rise of pressure separate from that due to 
the ventricular systole, 

This absence of a distinct rise of pressure in the ventricle, resulting 
from the auricular systole, is one of the most striking features of the 
curves obtained. 

So much so, that its absence might very reasonably lead to doubts 
being cast on the accuracy of the method employed. 

In Fig. 5 is shewn a tracing taken by the method employed from 
the left auricle, it will be seen that the auricular contraction causes a 
rise of pressure capable of being recorded by the manometer made use 
of in this research ; in this curve however it should be mentioned that 
the resistance of the steel spring [vide Technology] was less than that 
required when the cannula was introduced into the ventricle. 

With the cannula in the ventricle no rounded eminence correspond- 
ing to that figured in Chauveau and Marey’s curve as due to the 
auricular systole could be obtained, even with a resistance as low as 
that employed when taking the auricular tracing of Fig. 5. 

I am therefore obliged to assume that the contraction of the auricle 
in the dog does not cause any eminence on the intra-ventricular pressure 
curve of a kind similar to that obtained by other observers in the case 
of the horse. 

It occurred to me as possible that the absence of a distinct auricular 
eminence in the pressure curves from the left ventricle might be due to 
the small quantity of blood which is forced into the ventricle during the 
diastole ; the amount being perhaps diminished by the opening of the 
thorax and by the anesthesia under which the animal was placed 
during the experiment. 

To increase the quantity of blood entering and thrown out of the 
heart before and during each contraction, the method of injecting into 
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the veins a large quantity of ‘75 salt solution sufficient to double or 
even more than double the amount of blood in the animal was adopted, 
with the idea of increasing the quantity of blood thrown into the 
ventricle by the auricular .systole. In doing so I assumed that 
Cohnheim’ was correct in his conclusions that the artificial hydremia 
produced in this way increased the rapidity of the circulation, the 
quantity of blood thrown out of the ventricle at each contraction, and 
therefore thrown into it by the auricle being increased in amount. 

If this be so, I concluded that the auricular contraction would 
distend the ventricle more, and would therefore more probably cause a 
distinct auricular eminence than under conditions in which the quantity 
: of blood thrown into the ventricle was less. No auricular eminence 
? however appears on the intraventricular pressure curve after the 
production of hydremia artificially. 

I made other control experiments without finding any cause of 
| error, either in the method employed, or in the conditions of the 
animal during the experiment. Amongst others, I may refer to the 
| important control experiments in which the pressure curve from the 
cavity of the left ventricle was obtained from the unopened thorax, a 
trocar being pushed through the chest wall into the left ventricle. 
The tracing thus obtained, Fig. 1, shews no separate auricular eminence 
before the rise of pressure due to the contraction of the ventricles. 
In curves (vide Fig. 6) taken from the cavity of the right ventricle 
there is a similar absence of a distinct auricular eminence. | 

The explanation of this characteristic of my curves is not very difficult, 
for, if the ventricular systole follow immediately on that of the auricles, 
| the rise of pressure produced by the auricular systole will be con- 
: tinued insensibly into that due to the ventricular systole. 

: That the delay between the systoles of the walls of the auricles and 
} ventricles respectively is very small, I have convinced myself by 
ia direct experiment. The method employed is one which was described 
| | by Prof. Roy in one of his courses of lectures as Professor-Super- 
intendent of the “Brown Institution,” and a description of which, he 

- Informs me, will soon be published. 

I need hardly add that the investigations of Ludwig and Hesse® 
seem to indicate that, at the commencement of the ventricular systole, 
the auriculo-ventricular valves are not relaxed and. that therefore 
presumably no delay in their closure will prevent the rise of pressure 


1 Cohnheim, Vorlesungen ii. allgemeine Pathologie 2% Aufl. Bd. I. 8. 439. 
2 Quoted by D. MacAlister, British Medical Journal, Oct. 28, 1882. 
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produced by the contraction of the auricle being merged insensibly with 
that produced by the ventricular systole. I may also remark that the 
rise of pressure from the point A is at first slower than it is afterwards 
shewn by the wave in its ascent to the point B, which is very probably 
due to the auricular contraction causing a less rapid rise of pressure 


_ than that produced by the ventricle itself. 


I need only add that my conclusions as above stated are intended to 
apply only in the cases of the animals, dogs and rabbits, with which I 
worked, and I would in no case wish to have it supposed that I believe 


the different results obtained by Marey and Chauveau, with regard 


to this particular part of the intra-ventricular curve are to be ascribed 


to anything else than the fact that they worked with the more slowly 
beating heart of the horse. 


I may further add that I am aware that the force of the auricular 
systole may vary independently of that of the ventricles, but I have no 
reason to suppose that the absence of any distinct auricular wave in my 
curves from the left or the right ventricle, is due to any ee 
were of the contraction of the auricular wall’. 


The rise of pressure due to the ventricular systole. 


Soon after the beginning of the upstroke from A to B the rise of 
pressure takes place with slowly decreasing rapidity, as can be seen in 
nearly all the curves which I give as illustrations to this paper. The 
point B at the top of this first upstroke corresponds to the point of 
maximum pressure within the ventricle. This is the case at least in 
practically all the curves, except those taken under conditions which 
have been made to differ to a considerable degree from the normal. 
To these latter I will presently refer. 

The manometer employed makes it very easy to find the exact 
value of the maximum intra-ventricular pressure as shewn in the 
curves, and it very soon appeared that this maximum pressure is always 
a little higher than the maximum pressure in the carotids. As the 
relation between these two is practically constant, I need not say more 
than that the maximum intra-ventricular pressure varies pari passu 
with the arterial blood-pressure. 

One point of interest in regard to this line of rise of the intra-cardiac 
pressure, is the question as to what part of it corresponds to the closure. 


1 Vide Harveian Oration, p. 37, 1873. By G. Rolleston. 
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of the auriculo-ventricular and what to the opening of the sigmoid 

valves. With regard, first of all, to the closure of the auriculo-ventricular 

valves, my observations lead me to conclusions entirely opposed to those 

: drawn by Marey’ from his curves obtained from the heart of the horse. 

s The notch which he assumes to be caused by the closure of the auriculo- 

ventricular valves and which is situated about the junction of the middle 

and upper third of the ascending line (corresponding to AB of Figs. 1. 2. 

3. 4) is placed too high on the curve to be ascribable to any such cause. 

a. It is, indeed, difficult for me to understand how Marey could conceive it 

possible for the intraventricular pressure to rise so high before the 

auriculo-ventricular valves are closed. In my own tracings there is no 

| notch on the ascending line AB such as might result from the closure 

J. of the auriculo-ventricular valves. I cannot see that it is possible for 

| any marked rise of pressure within thé ventricles to take place until 

these valves are closed, and on this subject can only refer to what has 

been said above as to the absence of any delay in the passage of the 

auricular rise of pressure into that due to the contraction of the 

ventricles, My curves contain nothing which suggests the possibility of 

the auriculo-ventricular valves being closed anywhere except near the 

, commencement of the rise AB; and I certainly have met with nothing 

pointing towards conclusions at all corresponding with those of Marey 

and Chauveau as to the moment of closure of these valves, or to any 

connection between any vibrations of these valves and waves occurring 

on the tracing after the point B, which form so striking a part of 

Marey’s curves and his interpretation of them. I will however return 

to this subject when dealing with the intraventricular pressure curve 
during the period while the aortic valves are open. | | 

With regard to the point in my curves which corresponds to the 

moment of opening of the sigmoid valves, it appeared to me that this 

could be most readily found by obtaining simultaneous tracings on the 

same cylinder of the pulse in the carotid and of the pressure curve from 

left ventricle, so that it would be possible to find on the intraventricular 

curve the point which corresponds in time to the commencement of rise 

of pressure in each pulse in the artery. Knowing as we do the rapidity 

of transmission of the pulse wave, it is very easy to make a correction 

for this, corresponding to the distance between the heart and the point 

at which the sphygmographic tracing is taken. | 
The method employed to obtain the tracing of the carotid pulse was 


1 Circulation du Sang, p. 117, 1881. I have looked through this work and find 
Marey far from clear on this point. 
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of a kind similar to that described by Roy’, and a tracing of the kind 
in question is shewn in Fig. 7; the upper curve there shewn. being 
that of the carotid pressure while that obtained from left ventricle is 
beneath it. The dotted line ab shews the connection in time of the 
two tracings, a correction for delay in the transmission of pulse wave — 
having been made. It can be seen from the tracing that the commence- 
ment. of the sphygmographic rise corresponds in time to a point on the 
intra-ventricular curve somewhere near or a little above the point of 
junction of middle and upper thirds on the rise. There is no notch or 
abrupt change in the form of the curve at this point, and the only sign 
which can be seen in the pressure curve of any outflow from the ventricle 
having taken place, is that the pressure rises more slowly towards its 
maximum. That the absence of any marked change in the form of 
the curve at the moment of opening of the sigmoid valves is not due to 
any cause of error in the method employed in these researches, appears 
to me fairly certain, partly because I have made such changes in the 
conditions as seemed desirable in order to control my results on this 
point, and also because I can see no physical reason why the opening 
of the sigmoid valves should cause any change in the form of the 
curve beyond that due to a diminished rapidity in the rise of the — 
intra-ventricular pressure. If as my observations appear clearly to 
indicate the upper part of the rise AB in my curves (a part which 
appears in most cases to be somewhat less than the upper third of this rise) 
occur after the opening of the sigmoid valves, it will be more convenient 
for me to refer to this part of the curve along with that other part of 
the ventricular curve which corresponds to the rest of the period during 
which the left ventricle and the aorta are in free communication, i.e. the 
part corresponding to the time between the opening and closing of xi 
sigmoid valves. 


Closure of sigmoid valves. 


With regard to the time of closure of sigmoid valves this is by no 
means so easily or certainly found as the moment at which they open, 
It cannot for example be assumed that the commencement of the fall of 
pressure in the pulse wave corresponds either to the cessation of the 
outflow from the ventricle or to the closure of the sigmoid valves. - 

If the quantity of blood thrown out by the ventricle become less and 
less with the contraction of its walls, as we have every reason to believe 


1 This Journal, Vol. m1. 
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is the case, a point will be reached at which the rapidity of entrance of 

blood into the arteries from the heart will fall below the rapidity of out- 

flow of blood from the arterial system by the capillaries, in which case 

the pulse tracing will commence to fall before the cessation of inflow 

from the ventricle. We cannot therefore look upon the apex of the 

sphygmographic tracing as corresponding to the moment of cessation of 

outflow from the ventricle, nor on the other hand, can we regard the 

point D in the intraventricular pressure tracing as necessarily corre- 

sponding to the moment of closure of the sigmoid valves; seeing that if 

' the ventricle force out the whole of its contents before the end of its 

systole, the intraventricular pressure may remain high for some time 

after the outflow has ceased. It may however safely be said that the 

, closure of the sigmoid valves may take place before, but cannot occur 

: long after, the point D in the intraventricular curves. I believe that in 

most cases the sigmoid valves close at or immediately before the shoulder 

D, my belief being based in good part on the similarity in form of the 

upper part of the intraventricular pressure tracing to that part of a 

typical sphygmographic tracing which precedes the dicrotic notch. I 

| have however no facts before me which will justify a dogmatic statement 

' as to what point of the intraventricular pressure curve corresponds to 
closure of the sigmoid valves. 

I may mention here however en passant that the anacrotic curves of 

ventricular pressure, obtained under conditions to be referred to hereafter, 

5 cannot so far as I can see be explained unless we assume that in some 

| eases at least the aortic valves remain open until the shoulder D of the 

intraventricular pressure curve, from which point the pressure begins 

to fall rapidly. My conclusions on this subject, it need scarcely be said, 

g) are opposed to those of Marey’. His curve® shows a notch v near the 

| bottom of his line of fall of intraventricular pressure, which is inter- 

preted as being due to the closure of the sigmoid valves. Since in his 

| curves the lower parts of the tracing shew greater movements of the lever 

r with a given rise or fall of pressure than above,’ it is evident that the 

| notch v is really lower than it appeats on the curve. In the calibration 

scale* the notch in question appears only three degrees above the line 


corresponding to atmospheric pressure, while the maximum intraven- 
tricular pressure is twenty-five degrees above the atmospheric pressure. 
, How Marey can suppose that the sigmoid valves can remain open until 


1 Circulation du Sang, 1881, p. 117. 2 Thid. 
3 Ibid., Calibration scale, fig. 46, p. 112. 
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the intraventricular pressure falls to a point so very far below the maxi- 
mum aortic pressure as given in his own curves’ I fail to understand. 


Ventricular pressure curve while sigmoid valves are open. 


If, as I am forced for reasons given above to believe, the time during 
which the sigmoid valves are open corresponds in my curves to the part 
lying between a point somewhere a little more than % up the rise AB 
and the shoulder D, it is very evident that this part of the curve ought 
to shew some correspondence in form with that of the pulse wave. I 
have by no means overlooked the desirability of investigating by direct 
experiment how far this part of my curve agrees or differs from the 
corresponding part of the pulse curve, but I regret to say it was im- 
possible for me in the time at my disposal to investigate this matter in 
a satisfactory way. I prefer therefore to leave the whole question of the 
degree to which the form of the pulse wave is influenced by the variations 
in the intraventricular pressure to be considered in a future paper, and 
need only remark here that the varieties in the form of that part of my 
curves which corresponds in time to the interval between the open- 
ing and closure of the sigmoid valves are very great, and that therefore 
any explanation of the nature of the variations in the form of the pulse 
curve (anacrotic, hyperdicrotic, etc. etc.) which does not take into con- 
sideration the form of the intraventricular pressure curve must be liable 
to serious error. : 

Leaving out of the question the relation between this part of my 
curve and the form of the pulse wave, it is I believe desirable that those 
varieties in the character of this part of my tracing which I have most 
frequently met with should be referred to, First of all with regard to 
the depth of the notch C, this varies very greatly in different animals and 
in the same animal under different conditions. What from the frequency 
with which it is met may be called the normal curve is one which shews 
a slight though perfectly distinct valley between the points B and D 
(vide Figs, 1. 2. 3. 4 6. 7. 12. 17). Very frequently however this 
notch becomes much deeper (as seen in Figs. 8. 9. 18.19). . With regard 
to the cause of the appearance of this notch, only one explanation of 
which I have been able to think appears to me satisfactory; viz. it may 
be due to the increased freedom of outflow from the ventricle which takes 
place as soon as the column of blood in the aorta is set in motion. The 
second ascent D (Fig. 1, etc.) in such a case being due to the positive 


1 Circulation du Sang, fig. 52, p. 120. 
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wave following the negative wave C. If this explanation of the notch 
in question be correct we should expect to find it exaggerated in 
various conditions. For example, in aortic insufficiency one would 
expect that the sudden outflow of blood from the distended ventricle 
which occurs on the aortic valves being opened, and which blood is 
thrown into a relatively empty system of arterial tubes, would favor the 
production of this notch C. That this is the case will be seen from 
Figs. 18. 12, which represent tracings of the pressure in the left 
ventricle taken from a dog the aortic valves of which had been torn 
through by a tube introduced through the right carotid. In both of 
these tracings the notch C is more pronounced than usual. : 

In the case also of the powerful pulse waves which follow temporary 
arrest of artificial respiration, an increase in the depth of the notch C is 
usually found. A similar deepening of the notch is met with under the 
influence of strophanthus. In these latter cases a rise in the maximum 
pressure within the heart, corresponding to the rise of arterial pressure 
and due to increased force of heart’s action, is seen to take place in my 
curves at the same time as the accentuation or deepening of the notch C. 

I may here say that at the beginning of my observations I considered 
the possibility of this notch being due to inertia vibration of the 
recording part of the apparatus and soon found that it could not be so 
explained. In the first place it is easy to find the rapidity of the inertia 
vibration of the recording part of my instrument, and I need only say 
that I found this much more rapid in rhythm than is compatible with 
the view that the notch in question is due to inertia of my apparatus ; 
in the second place, the fact that by increasing the resistance of the 
torsion-spring and thereby diminishing the extent of the oscillations of 
the apparatus the notch does not become less distinct, the appearance 
of the notch itself, and the fact that only one wave is shewn are of 
themselves sufficient proof that the presence of this notch is not due to 
any fault in the manometer which I employed. 

This part of my curve differs very greatly in character from that 
given by Marey from the horse. His curves shew a number of waves 
along the top of his tracing which are only represented in my tracings 
by the single notch C (Figs. 1—4, etc.). With regard to this discrepancy 
I can only say that the undulations in question do not appear in any of 
my tracings and that their character, as seen in Marey’s curves shew- 
ing a succession of waves of nearly equal duration and of gradually 


1 loc. cit. 
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diminishing height, are exactly what one would naturally put down as 
inertia waves, due to some imperfection in the recording method 
employed. é 

It is possible enough of course that variations in pressure correspond- 

ing to the waves seen on the top of Marey’s curves actually do take 
_ place in the ventricle of the horse, although for the reasons given above 
I cannot help looking on this part of Marey’s tracings with suspicion. 

The relative height of the points B and D in my tracings are subject 
to very considerable variations. Speaking very roughly one may say 
that the point D corresponds to a pressure rather more than to ¢ths the 
pressure of B. For example in Fig. 4 B corresponds to a pressure of 
120 mm. and D to a pressure of 100 mm. mercury. 

The relation in height of these two points is subject, however, to 
endless variations, depending apparently partly on the force and rapidity 
of the contraction of the ventricle, partly on the amount of blood thrown 
out from the ventricle at each contraction, partly on the rapidity of 
outflow through the capillaries, and partly on the elasticity of the walls 
of the large arteries. These different causes of change in the relation of 
the points in question are not always easily disassociated in any given 
case. The increased force of contraction of the ventricle such as occurs 
after the administration of strophanthus (Figs. 8. 9. 11), increases the 
difference in the relative height of these two points, 

_ In some cases the point D is even higher than the point B (in Fig. 
12. 11), this anacrotic form being due, presumably, to either a relative 
diminution in the outflow from the arteries, or an increase in the amount 
of blood thrown out by the ventricular contraction, or to both of these 
causes combined. It may be assumed that in such cases the vere 
graphic tracing would be also anacrotic. 


The diastolic fall of intraventricular pressure. 


a 


The manometric curve of the intraventricular pressure falls usually 
fairly sharply from the point D, afterwards descending more slowly. 

In certain cases it falls below the atmospheric pressure, as is seen 
in curves i. ii. iii. iv. This negative pressure occurring during the 
expansion of the muscular wall of the ventricles is met with both in the 
right (Fig. 6) and left ventricular cavities. 

With regard first of all to the value of the negative pressure, this is 
found to vary in different animals and in the case of the same heart 
under different conditions. On measuring out my curves I find that 
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some shew a negative pressure at the point # equal to—20 m.m. mercury, 
while others shew varying slighter negative pressures. In the case of 
some hearts my curves shew no fall of pressure below that of the 
atmosphere; these later cases however are less frequently met with than 
those shewing a more or less well marked negative wave at the end of 
the descent. 

The fact that the pressure within the ventricle may fall below that 
of the atmosphere even when the thorax is opened was first demonstrated 
by Goltz and Gaule’ who employed a manometer with a valve opening 
towards the heart, and who obtained in this way evidence of sub-atmo- 
spheric pressures in the left ventricle equal, when the thorax was closed, 
to — 52 m.m. of mercury, while with the opened thorax they found that 
the intraventricular pressure fell in some cases as low as — 23 m.m. of 
mercury. The latter value agrees well enough with the results which I 
have obtained. I must also add that, although the method employed by 
Goltz and Gaule gave them no direct information as to the time in 
heart’s cycle or the duration of the negative pressure, yet they concluded 
that it must take place immediately after cessation of the active 
contraction of the ventricle. With this view my curves do not fully 
agree. The time occupied by the line of descent from D to £ is not so 
rapid as would be the case if the negative pressure took place at the 
very commencement of the expansion of the ventricular muscle. I 
cannot assume therefore that it necessarily takes place before any blood 
_ bas entered the ventricle through the auriculo-ventricular orifice. 

This brings me to the consideration of the meaning of this sub-atmo- 
spheric pressure in the ventricles, and the reason why it is absent in some 
cases, and why its amount varies in others. It might be due, it appears 
to me, to one or other of three causes. In the first place it might be 
due, as I believe was assumed by Goltz and Gaule, to the elastic 
expansion of the ventricle walls at the end of their systole acting as a 
suction-pump: the negative pressure so caused being due to the fact 
that the blood in the auricle owing to its inertia does not at once fill up 
the space provided. This view I cannot accept for various reasons, 
amongst others the fact that the pressure in the ventricle falls too 
slowly for the inertia of the blood in the auricle to be the possible cause 
of so great a negative pressure as is sometimes met with. Moreover, 
. the fact that the degree of the rapidity of the fall from D does not go 
hand in hand with the depth of the notch # is also opposed to this 


view. 


1 Pfliiger’s Archiv, Band xvi, 1878, 8. 100. 
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A second possible explanation of the negative wave E might be 
found in the possible narrowing or closure of the auriculo ventricular 
orifices by the circular muscles of the base of the heart, which muscles 
if they commenced to expand after the rest of the ventricle, or if 
they expanded more slowly than the rest of the ventricle wall, might 
easily lead to a negative pressure resulting from the elastic expansion 
of the ventricular muscle. Of any such difference in the time of 


contraction of the different parts of the ventricle wall in the Mam- 


malia, we have at present no proof, nor do the characters of the 
intraventricular pressure tracing in the cases where this notch £ is 
present, when compared with those where it is absent, present such 
differences in form as one would naturally expect, were the presence 
or absence of the notch dependent on such differences in the relation 
of contraction of different parts of the ventricle wall as is implied by 
this second explanation. 

The third possible explanation, and the one which best accords 
with the facts before me, is that the elastic expansion of the ventricle 
lasts longer than appears to have been assumed by Goltz and Gaule, 


and that it may continue after the blood in the auricle at the moment 


of cessation of ventricular systole has entered the ventricle. This 
theory would assume that the negative pressure would appear also 
in the auricle, and that it is due in fact to the quantity of blood ~ 
in the auricle and in the terminal trunk of the pulmonary veins 
not being sufficient to distend the left ventricle to the point at which 
its suction action ceases. The absence of any subatmospheric pressure 
in the same animal at different periods of the experiment, could thus 
be readily explained by the variations in the quantity of blood available 
to fill up the potential vacuum caused by the elasticity of the eéx- 
panding heart wall. In support of this view I may say that sub- 
atmospheric pressures are met with in the auricle, as I have found in 
at least one well marked case while recording the pressure within 
the left auricle’. 

There is, it may be remarked, another explanation of the variation 
in extent of the presence or absence of negative pressure under 
different conditions. It is possible, indeed, one may say, physically 
certain, that the elastic resilience of the expanding ventricle wall 
will be influenced more or less by the pressure within the walls of 
its blood-vessels*; and some of the facts at least which were met with 


1 Cf. 8. de Jager. Pfliiger’s Archiv, Bd. xxx. 8. 491. 
Thus far only can I accept Briicke's “ Selbststeuerung ” Theory. 
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in the course of this work speak in favour of the force of the elastic 
expansion of the ventricles varying with the height of the aortic blood 
pressure, although this latter cannot be looked upon as the only, or 
indeed the most important factor in the production of the intra- 
ventricular negative pressure. 

It can hardly be out of place for me to refer here to the bearing 
of my observations on the negative pressure within the heart on 
certain of the signs met with clinically in the case of stenosis of the 
auriculo-ventricular orifice. It is known that this disease may lead 
to the production not only of a prae-systolic murmur, but that it may 
also produce a “post-diastolic” murmur (i.e. the name wrongly given 
to a murmur immediately following the second sound). These two 
murmurs may be present independently of one another, and when 
present in the same patient may either run into one another or may 
be separated by an appreciable interval. 

It is very evident that the conditions influencing the production 
of negative pressure within the left ventricle in a case of mitral 
stenosis only partly agree with those present in a normal heart; in 
mitral stenosis there is an obstruction to the inflow of blood from the 
left auricle which is not present in the normal conditions, moreover 
in such a case the pressure within the pulmonary vessels and in the left 


auricle is high and the quantity of blood in the auricle and pulmonary 


veins quite sufficient to fill a potential vacuum of the expanding left 
ventricle, were there no obstruction to the passage through the mitral 
orifice. 

We have no reason to suppose that the elastic resilience of the 
expanding ventricle is diminished in mitral stenosis, and one would 
naturally expect that the obstruction to the inflow of blood from the 
auricle would lead to a greater fall of pressure than would be the 
case when the mitral orifice is of normal width. These two influences 
would act together in producing a more rapid flow of blood through 
the mitral orifice at the moment of cessation of the ventricular systole, 
the difference in pressure between the auricle and ventricle diminishing 
as the ventricle expands. I may go further and say that the presence 
of a so-called “post-diastolic” mitral murmur accompanying or occurring 
in the absence of an accompanying prae-systolic murmur, must be 
looked upon as evidence of a greater narrowing of the mitral orifice 
than is the case where a prae-systolic murmur alone is present. I draw 
this conclusion from a consideration of the fact that the degree of 
negative pressure in the ventricle must necessarily be greatly influenced 
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by the degree of stenosis of the mitral orifice, and that, the greater 
the negative pressure in the ventricle, the greater will be the rapidity 
of the flow at the commencement of the ventricular diastole of the flow 
of blood from the auricle, the conditions therefore being the more 
favourable to the production of sonorous vibrations. 

~The rounded shoulder following the subatmospheric fall is 
presumably due to the inertia of the blood which enters the ventricle 
as the result of the negative pressure, the influence of which must. 
be assisted by the cessation of the elastic expansion of the ventricle. 
The fact that this wave F may be readily mistaken for a rise of 
pressure due to the auricular contraction in cases where the heart 
rhythm is rapid, as illustrated in curves (Figs. 1. 2. 3), has been 
already referred to. It may be added that where the beat is very 
rapid the curve may shew an uninterrupted transition from the bottom 
of the negative wave to the systolic rise. These facts ought I think | 
to be kept in mind in considering the murmurs present in any given 
case of mitral stenosis; since it is evident that the appearance of a 
so-called “post-diastolic” murmur, separated by an interval from a 
prae-systolic murmur, can only be possible when the heart is beating 
comparatively slowly ; while with a certain rapidity of beat, in which 
the negative pressure in the ventricle coincides in point of time with 
the auricular systole, the conditions influencing the production of a 
murmur must necessarily be more favourable. I should say then, that 
one might expect a gradually increasing stenosis of the mitral orifice to 
shew itself, first by a murmur between the second and first sound when 
the heart is beating comparatively rapidly, while with a slower rhythm 
no murmur would be heard; as the narrowing increased, one would 
expect that a prae-systolic murmur would be produced, while with more 
extreme stenosis a post-diastolic, with or without an accompanying 
prae-systolic, murmur would be present. 


Artificial production of aortic stenosis. 


I have only made a few observations on this subject, but some of 
my results may be of interest. The aorta was narrowed in my ex- 
periments by a strong thread passed round the ascending part of the 
aortic arch and which could be gradually tightened by an arrangement 
on the principle of an écraseur. On narrowing the aorta in this way 
the maximum pressure is increased; for example in one case the 
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maximum pressure within the left ventricle rose from 120 m.m. to 
250 m.m. mercury, a fact which shews how great the reserve power of 
the heart is in certain cases. At the same time the form of the 
intraventricular pressure curve changes as seen in Figs. 14, 15. 16. 
In Fig. 14, taken with the aorta only partially closed, the form of 
the curve becomes anacrotic, a well-marked notch being seen on 
the ascending line near the summit and apparently corresponding 
to notch C in the dicrotic curve. The meaning of this anacrotism 
is presumably to be found in the fact that a narrowing of the 
ascending part of the aorta will necessarily act in the same way as 
rigidity of the arterial wall, preventing the rapid outflow during the 
first part of the contraction to which the normal dicrotic form of the 
intraventricular pressure tracing can be most reasonably ascribed. In 
Figs. 15, 16, where the narrowing of the aorta is more complete, 
the anacrotic notch is less marked or absent. All these three figures 
shew also a more rounded shoulder at D than is met with in the normal 
heart, and indeed there is a tendency for the intraventricular pressure 
- curve with narrowed or closed aorta to present a rounded summit, which 
is what would be expected from our knowledge of the form of the 
contraction curve in the excised frog’s or tortoise’ heart which has 
been made to record its changes of volume under conditions inde- 
pendent of the influences of the arterial system. It may be remarked 
that the intraventricular pressure tracing taken with a closed aorta 
resembles that of an abortive contraction (i.e. one in which the intra- 
ventricular pressure does not rise sufficiently high to open the aortic 
valves). In both cases the pressure curve within the ventricle has 
simply a more or less rounded summit without any notch, a fact which 
indicates that the notch at the top of my tracings is due to the outflow 
through the aorta, although this is a matter which is placed beyond 
doubt, I imagine, by other considerations. 
When the aorta or pulmonary artery is closed or nearly closed, 
_ the minimum pressure in the ventricle rises to a height sometimes of 
30 or more millimetres of mercury, which is due presumably to the 
force of the auricular contractions and to the fact that the ventricle does 
- not empty itself, or only incompletely empties itself, during systole. The 
rise of minimum pressure in the heart here referred to must not be 
confounded with that shewn in Fig. 15, which is due to the incomplete 
expansion of the ventricle between the beats, resulting from the rapidity 
of rhythm. The rise of minimum pressure first referred to is met with 
even in comparatively slow beating hearts, ie. where there is plenty 
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-of time for the ventricle to expand in the intervals between its con- 
 tractions. When the closure of the aorta is but partial, the diastolic 
pressure is scarcely raised above that of the atmosphere, though it 
does increase with the duration of the experiment. 

Marey’s statement that “Le coeur bat d'autant plus fréquemment 
quil éprouve moins de peine a se vider’”, and which appears to be 
very generally accepted, is at variance with the results of my obser- 
vations on the effects of the narrowing of the aorta on the heart’s beat. 
Were this law of Marey’s correct, one would expect to find the rate of 
beat vary in some more or less constant proportion to the rise of the 
maximum intra-ventricular pressure which is produced by narrowing of 
the ascending arch of the aorta. This however is by no means the case. 
Even when the aorta is completely closed, and when the maximum intra- 
ventricular pressure has been thereby raised to double or treble the 
maximum pressure before narrowing, there will be no appreciable slow- 
ing of the heart’s rhythm. I cannot therefore accept Marey’s law as 
stated by him; and my observations point rather to the conclusion that 
the variations of the heart’s rhythm which accompany changes in the 
arterial pressure, are due to influences reaching the heart by its 
inhibitory gr, accelerator nerves from their centres in the cerebro-spinal 
_ One of the usual effects of artificial aortic stenosis is the production 
of irregularity of the heart of the kind shewn in Fig. 15. Such 
irregularity is not invariably met with but is certainly common, It 
is not due, as Marey’ concludes, to the opening of the thorax. The 
facts at my disposal, however, do not point to any definite conclusion 
as to its nature. 


Aortic insufficiency. 

I have made only one satisfactory experiment on this point. The 
results which I obtained, however, as to the effect of this lesion on the - 
form of the intraventricular pressure curve are so far from clear that I 
have but little to add to what has been said above on this subject 
when referring to the influences which madify the normal tracing of 
intraventricular pressure. I there referred to Figs. 12. 18, which 
were taken from the experiment in question in which all three aortic 
valves were torn through by as thick a steel rod as could be introduced 


1 Circulation du Sang, 1881, p, 334, 2 Ibid, 1881, p. 668. 
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into the right carotid. The curves obtained after the valves were so 
ruptured differ much in character from each other (vide Figs. 12. 18). 

The deepening of the notch C and the change in relative height of 
the points B and D of my curves are the most marked characteristics. 
I expected to find, on producing aortic insufficiency, that an appreciable 
rise of pressure would take place in the ventricle between the con- 
tractions, owing to the fact that the ventricle is being filled from two 
sources, Such a rise can indeed be seen in some of the tracings taken 
after the aortic valves had been ruptured, but the intraventricular 
pressure is not raised more than 2 or 3 mm. HG. even when holes 
are made in all three segments of the valves. The subject deserves 
further investigation. 


Effect of strophanthus (hispidus ?). 

In Figs. 8. 9. 10 are shewn the effect on the intraventricular 
pressure tracing of large doses of tincture of strophanthus prepared from 
the seeds. In Fig. 9, the curve shews three different stages taken at 
varying intervals of time after the intravenous injection. It can be 
seen in these curves that a well-marked rise of the maximum intra- 
ventricular pressure results from the injection of this substance. 

Accompanying the rise of maximum pressure is an increased 
dicrotism of the upper. part of the curve, which is well seen in Figs. 8. 
9 and 11, and which, if what has been said above regarding the meaning 
of accentuation of the ventricular dicrotic notch (viz., that it is due to a 
relative emptiness of the aorta and its larger branches) be correct, 
implies an increased rapidity of the circulation, i.e. an increase in the 
amount of blood given out by the heart at each contraction. Of this 
latter however the method employed gives only indirect information, 
although it need scarcely be said that the facts known regarding the 
comparatively slight constriction of the peripheral arteries’ which result 
from strophanthus as compared with digitalis, together with the fact 
that the maximum intracardiac pressure is markedly increased by 
strophanthus are fully in accordance with the conclusion which I have 
_ drawn from the characters of my curves, 

With regard to the effect of strophanthus on the rate of the heart- 
beat, I have found in all cases a more or less well-marked slowing 
accompanying the increase in the maximum intraventricular pressure. 
The degree of the slowing it may be added varies in different animals. 


Ringer and Sainsbury, Medico-chirurgic. Trans, , 1884. 
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‘denetatie. of the hnait both in time and force is to be found as a 
result of the administration of strophanthus, especially where large doses 
are given. Such curves as those shewn in Fig. 9 are very frequently 
met with shewing abortive beats, which do not raise the pressure 
sufficiently to open the aortic valves. 

With regard to the nature of the changes i in the rate of beat due to 
strophanthus and with regard to the meaning of the irregularity eet 
referred to I have made no special investigation. 

After a toxic dose the heart will be found to have died in diastole, 
being sometimes found greatly distended ; this is noteworthy, as in the 
frog the heart is usually killed in systolic rigor. 


Effect of arrest of respiration. 


On stopping the artificial respiration in a curarized and anaesthe- 
tized animal certain important effects are produced upon the circulation, 
Figs. 17. 19, some of which lead to changes in the form of the curve of 
intra-ventricular pressure, and which may be referred to here. 

Besides the change in the rate of beat which usually occurs on 
producing temporary asphyxia, and which is due apparently to stimula- 
tion of the vagus or accelerator centres producing either slowing or 
quickening of the rhythm (the former, which is much the most usually 
met with, being stopped by section of the vagi in the neck), and besides 
the variations in the height of the maximum intraventricular pressure 
which accompany the variations in the height of the arterial blood 
pressure,—the explanation of the changes in which I need not enter on 
here,—there are certain other modifications in the intraventricular 
pressure curve to which I may here call attention. Of these the most 
important is an increase in the duration of that ‘part of the wave which 
corresponds to the ventricular contraction—the part in my curves 
included between the points A and D. 

This increase in the duration of the ventricular systole, which I find 
in some cases to be equal to 22 per cent. of the normal time of systole, 
is unaccompanied by any increase in the duration of the fall of pressure. 

The increase in the duration of the systole does not bear any 
constant relation to any variation in the height of the intracardiac 
pressure, i.e. is not accompanied by any evident corresponding change in 
the force of the contraction of the ventricle. Nor does it go hand in 
hand with any proportionate change in the rhythm; it is presumably, 
therefore, independent of any influence affecting the rhythm or force of 
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the heart reaching the heart by the vagus or accelerator nerves, and it is 
apparently due to some change in the physical properties of the cardiac 
muscle itself. In the cyanosis of heart disease there exists the same 
- diminution in the oxygenation of the blood, such as is apparently the 
cause of the increased duration of contraction in my experiments on 
this subject. If, on measurement, it is found that the cyanosis of heart 
disease produces lengthening of the ventricular systole, this latter is 
an element which must be of considerable importance in at least some 
forms of heart disease. 


_ Effect of stimulation of central end of a sensory nerve. 


Figs. 12. 20 shew each of them the intraventricular pressure curve 
obtained before and during electric stimulation of the central end 
of a cut sciatic nerve. I give these curves chiefly in order to shew the 
difference in their characters from those obtained after the administration 
of strophanthus, 

Figs. 12. 20 both shew a well-marked increase in the maximum | 
intraventricular pressure, although there is no corresponding inerease in 
the dicrotic notch such as is found in tracings from the ventricles of 
animals to which strophanthus has been given. This difference in the 
form of the curve may, I imagine, be most reasonably ascribed to the 
fact, that in the case of stimulation of a sensory nerve, the rise of pressure 
is accompanied by a powerful constriction of the arterioles of certain 
parts of the body, whereby the outflow from the aorta is hindered at the 
same time that the intraventricular pressure is raised, while the effect of 
strophanthus is to increase the intracardiac maximum pressure without 
any great constriction of the arterioles being produced, and this must 
necessarily imply that an increased quantity of blood leaves the heart in 
a given time. 


Conclusion. 


Before concluding I may refer briefly to some of the points on which 
I have laid most weight in the above pages. 

_ As I have sought to shew, the pressure-gauge of which I made use is 
_ free from the sources of error which are most frequently met with in 
such instruments. It has the advantage of being suited to record both 
positive and negative pressures, and the vertical movements of the 
lever-point correspond exactly in extent with the heights of pressure 
which are being recorded. 
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With regard to the normal curve of intraventricular pressure 
my results are very distinctly opposed to those obtained by Marey 
and Chauveau, which are I believe those usually accepted by 
physiologists at the present time. I may mention that I do not find any 
distinct and separate auricular eminence in the curves obtained from 


either right or left ventricles, and also that I cannot look upon this 


as being due to any fault in the method employed, but that I ascribe it 
to the fact that, in the animals on which my observations were made 
(dogs and rabbits), the rise of pressure in the ventricles which results 
from the auricular systole is insensibly merged into that due to the con- 
traction of the ventricles, __ 

As to the points which correspond in the intraventricular pressure 
tracings to the time at which the auriculo-ventricular valves are closed 
and the sigmoid valves are opened and shut, my observations lead me to 
conclusions which are different from those arrived at by Marey. 
I am forced to conclude that these valves must be shut before any 
considerable rise of pressure can take place within the ventricle 


_ above that which results from the auricular systole. The closure of the 


auriculo-ventricular valves, which must take place at some point in the 
lower third of the rise AB in my figures, does not produce any notch or 
wave in the tracing. 

From the facts stated at length in the foregoing pages it would 
appear that the sigmoid valves become opened at a time which 
corresponds to a point on the intraventricular pressure tracing situated — 
about or a little above the junction of the middle and upper thirds of 
the ascending line AB in my figures, while the closure of the aortic and 
pulmonary valves must take place at a point about, or in some cases, a 
little before the shoulder D which in my figures precedes the fall of 
intraventricular pressure. 

During the time when the sigmoid valves are open, the intraventri- 
cular pressure curve is liable to considerable variations in form. The 
notch C, for example, varies in depth, and the relation of the pressures 
at the point B and D differs also considerably in the different animals 
and in the same animal under different conditions. With regard to 
this part of my curve my results are also opposed to those obtained by 
Marey and Chauveau. oe | 

My tracings shew that the minimum pressure in the ventricle may 
fall below that of the atmosphere, the values of such negative pressures 


in my curves corresponding with those obtained by Goltz and Gaule, by 


the use of a minimum manometer, for the left and right ventricles respec- 
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tively. I find however that the degree of the negative pressure, shewn in 
the heart of a given animal, varies considerably under different conditions, 
and that by no means rarely my tracings shew no fall in pressure below 
that of the atmosphere. _ 

The bearing of this negative pressure and its importance in connec- 
tion with clinical signs of mitral stenosis have been referred to at some 
length. 

The important changes in the form of the intraventricular pressure 
tracing which result from artificially produced aortic incompetency and 
stenosis, as well as those due to asphyxia, stimulation of the central of a 
sensory nerve and the administration of strophanthus, are illustrated in 
my figures and described in the above pages. 

Finally it is my pleasant duty to record my debt of gratitude to Prof. 
Roy, at whose instigation I undertook this research, for the continued 
advice and constant help which he has most generously given me 

throughout the whole of the investigation. 


DESCRIPTION. OF PLATE VIL 


All the tracings must be read from left to right. 

Fig. 1. Endocardial pressure curve from the left ventricle of a dog 
obtained by pushing a trocar through the chest wall, the thorax being un- 
opened. 

Fig. 2. Endocardial pressure curve from left ventricle. The thorax was 
opened and a cannula introduced through the apex of the ventricle. 

Fig 3. Endocardial pressure curve, thorax opened, cannula passed 
through the appendix of the left auricle and the mitral orifice into the left 
ventricle. Horizontal line indicates atmospheric pressure. 

Fig. 4. Similar curve taken under same conditions as Fig. 3. Abscissa 
gives atmospheric pressure. Measured out to shew relation in timo of differ- 
ent parts of the curve. | 

Fig. 5. Auricular wave from cavity of left auricle, thorax opened. 

Fig. 6. From right ventricle. Thorax opened. 

Fig. 7. Endocardial pressure from left ventricle, thorax opened, pulse 
curve from carotid opened and in communication with sphygmotonometer, 
and time curve, simultaneous tracing; ab = corresponding points of tracing ; 
measured out to shew duration of parts of endocardial and pulse curves. 

Fig. 8. From left ventricle, after strophanthus. Thorax opened. 

Fig. 9. Ditto. | 

PH. VIII. 19 
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Fig. 10. Curve with dicrotic summit, from left ventricle ; conditions the 
same as Fig. 4, 

Fig. 11. Endocardial pressure from left ventricle after administration of 
strophanthus; conditions otherwise the same as in Fig. 4. 

Fig. 12. From left ventricle after aortic valves had om torn through. 
Thorax opened. Abscissa gives atmospheric pressure, the vertical lines give 
the relative duration of parts of curve. 

Fig. 13. From left ventricle before and after stimulation of central end 
of cut sciatic. Vertical lines shew the duration of relative: parts of the 
curve. Thorax opened. 

Fig. 14, From left ventricle, thorax opened, after partial closure of — 
aorta. Horizontal line shews atmospheric pressure. 

Fig. 15. Ditto, Closure more complete. 

Fig. 16. Ditto. 

Fig. 17. From left ventricle, thorax opened before yeh during the pro- 
duction of asphyxia. 

Fig. 18. From left ventricle, thorax opened, after rupture of aortic 
valves. Horizontal line indicates atmospheric pressure. 

Fig. 19. Taken directly after production of asphyxia from the same heart 
as in Fig. 10. Horizontal line indicates atmospheric pressure. 

Fig. 20. From left ventricle, thorax opened. Horizontal lines shew 
relative height of curve before and during stimulation of central end of cut 
sciatic nerve, 
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ON THE DIGESTIVE PROCESS IN SOME RHIZOPODS.” 
PART II. By M. GREENWOOD, Girton College, Cambridge. 
Plates VIII. and IX. 


(From the Physiological Laboratory, Cambridge.) 


In the Journal of Physiology, Vol. vit. No. 3, I gave an account of 
certain observations on the digestive process in some Rhizopods, The 
substance of the following paper is a detailed description of the results 
of further work on the same animals, and this work was especially 
directed towards determination of the digestive power which they 
exert. I propose to consider first in Amoeba and secondly in Actino- 
sphzrium the nature and extent of digestive change, and afterwards to 
discuss points of likeness or of contrast which become apparent in the 
study of the twoanimals. It may be well however, before passing to such 
considerations to state very briefly some of the conclusions which were 
formulated in my last paper, as they may be regarded as the starting 
point of the investigations I describe now. 

I found that while Amcba ingests solid matter constantly and 
‘ promiscuously such matter has a determinate fate. If it is innutritious 
it is ejected after lying in contact with the animal’s substance for a 
length of time which varies with many changing conditions. Nutritious 
matter on the other hand during enclosure undergoes profound change, 
and this change is effected by something passed out of the protoplasm, 
acting in a fluid medium and by its presence making that medium 
deserving of the name “secretion.” In the case of Actinospherium, 
digestion is in like manner effected not by direct contact with the 
acting protoplasm, but by some constituent of a fluid the formation of 
which the presence of food is potent to bring about. I found too that, 
Ameba and Actinospherium appear to depend largely on the solution 
of proteid for nourishment; that in neither animal does starch undergo 
digestive change, while the value of ingested fat globules is at least — 
doubtful. 


AMC@BA PROTEUS. 


Method of observation. As a preface to further description of 
digestive change in Ameba, I will state the conditions under which 
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observation was as a rule carried out, for variation in such conditions 
has much to do with the animal’s power of taking in and retaining solid 
matter. 

The Amcebe were watched for periods of time which varied from 
one to fifteen days and in one case the same organism was examined for 
eighteen successive days. The pressure exerted by the coverslip was 
slight enough to allow of the emission of short pseudopodia in planes at 
right angles to the plane of extension of the microscope slide, and the 
animals by means of a pipette were transferred to fresh water sometimes 
daily, sometimes at intervals of two or three days. The magnification 
was that effected by combination of Oc. 3 with Obj. A. BB. D. E. F. 

(Zeiss. ) 

Substances ingested. Among sich substances may be distin- 
guished those bodies which after enclosure undergo no change, and 
those in which subsequent change is visible to the eye: the former are 
almost certainly innutritious and the latter, probably at least, subserve 
the nutrition of the organism which acts on them. Among the ingesta 
which undergo no apparent change within the body of the Amoeba I 
include carmine, Indian ink, litmus, starch-grains and irregular crystalline 
particles occasionally found in the water supplied to the animal. The 
nutritious ingesta, those, that is to say, that are changed after being 
taken in, comprise Infusoria, Rotifera, Alge and small fragments of 
coagulated egg albumen. The Infusoria may have the simple structure — 
of the illoricate Monads, or they may be complicated by the presence of 
enclosed “ paramylum” grains, or by the development of differentiated 
external layers and organs of motion and prehension such as characterize 
Stylonychia and Paramecium. Further they may be colourless as are 
these forms or they may be possessed of green and red pigments, 
such as occur for example in Euglena. The Alge which are most 
commonly seen, probably because they happen to be inhabitants of the 
media in which the Amcebe exist are Desmids, Diatoms, Protococcus ; 
after suitable administration Chlorococcus is also ingested, and the 
colourless cells of the yeast —— may similarly be taken in in 
considerable numbers. 

Selective ingestion. It is noticeable that particles of Indian ink 
or carmine grains are taken in by the Amoeba with an energy as great 
as that it displays in enclosing small Infusoria, It is only in the case 
of bacteria that any initial discrimination is at all easily detectable. 
For while in watching Amoebe for periods as long as seven, ten, or 
fourteen days it is usual to note large quantities of Bacterium termo, 
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zooglvea of Micrococcus and other forms lying in the surrounding water, 
their absence from the endosarc is remarkable. In one case I saw the 
enclosure of a Spirillum but here the bacterium was accompanied by an 
Infusorian; I have also in two other cases notes to the effect that 
Bacterium termo was “probably” or “possibly” ingested. But the 
statement that in these cases I could not upon killing the Ama@be 
make the bacteria distinguishable by staining with methyl violet, will 
show that the evidence I have for their actual enclosure is of the 
slightest. 

In writers who deal with the physiology of the Amoeba I have not 
been able to find any account of the attitude usually assumed by this 
animal towards bacteria, but Saville Kent’ describes ingestion when 
not Ameebe but the germinating spores of Physarum tussilaginis* were 
observed. “Repent ameboid units” issued from these spores, and 
presently their bodies contained vacuoles filled with ingested bacteria. 
No description of digestive change accompanies this statement. — 

The act of ingestion and subsequent position of the 
ingested body. I have previously described the act of ingestion of 
solid particles and have said that the ectosarc is drawn like the rim of 
a funnel over the prey it is about to enclose. I may point out now that 
this advance of the ectosare takes place in two stages ; there is a lateral 
meeting of encircling pseudopodia (Pl. VIIL. Fig. 2 f), and fusion of their 
external boundaries before the enclosing films pass above and below the 
prey. The ingestion of any small object is almost always effected at 
the hind end of the Ameeba, but a relatively large organism (Stentor, 
Stylonychia, or a Rotifer) may induce a marked and general change in 
the form of its captor. This change is of such a nature that the 
Ameeba, dividing almost wholly into two encircling pseudopodia, be- 
comes temporarily little more than an opaque, investing ring. When 
the hind end only is concerned in the enclosure of any body, and as I 
have said this occurs in the great majority of cases, it is often during 
activity, but faintly granular, and shares passively in the fairly rapid 
locomotion brought about by the action of anterior pseudopodia; its 
extreme hind boundary may be villous. Foreign particles keep their 
station in this posterior region for a short time after ingestion; they 
then pass anteriorly, and after the change of position solution of such of 
them as are nutritious may still go on. The hind end is by the 
transference of its ingesta left free for the display of further acquisitive 


1 Saville Kent, Manual of Infusoria, vol. 1. p. 470. 
2 Mycetozoa. 
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activity, and this activity isso marked that when possible ingesta abound 
in the neighbourhood of the Ameba, eight, fourteen, eighteen or more 
organisms may be seen in different regions of the endosare. It has been 
said that the enclosure of single animal or plant cells is usual: two, three — 
or rarely more may however be taken in together, and where the cells are 
normally coherent, as in Chlorococcus it is natural that they should be 
enclosed in groups. 

I do not know the exact nature of the stimulus which calls forth a 
display of ingestive activity on the part of the Amceba; but, whether it 
be neighbourhood or contact of prey or some unknown condition that is 
necessary, it is interesting to note that the effect sometimes lasts when 
it would appear that the actual stimulus must have been removed. For it 
may be seen upon occasion that an active Infusorian escapes while the 
protoplasmic prolongations intended to enclose it laterally are but yet 
half advanced. In spite of the escape the advance is continued, and 
the two pseudopodia meet round a space containing only water. Their 
meeting is not more hurriedly nor more slowly accomplished than when 
they actually enclose a prey, but fusion of the external boundaries of the 
two does not take place, and eventually though slowly they disappear. 

The change undergone by bodies after ingestion. 1. Monas. 
Certain illoricate Monads, granular flagellate and extremely minute, are 
probably the simplest nutritious bodies taken in by the Amceba. Each 
lies after its ingestion in a well marked vacuole (Pl. VIII. Fig. 1. A) and 
in that vacuole undergoes profound modification of structure and con- 
siderable loss of substance. And each is after a period of one to two 
hours, (and upon occasion the time may be longer), left by the 
gradual loss of the vacuolar secretion which has changed it, as a little 
group of highly refractive granules. Now apart from those bodies 
which in the substance of normal Ameeba Proteus are certainly or 
doubtfully crystalline, the endosare has a finely dotted appearance due 
to what can only be described as granules more or less highly refractive ; 
it is I think owing to the presence of these, that after loss of the 
digestive vacuole, I have been unable to trace the granules which 
represent a Monad. Other ingesta which have probably, in some cases 
certainly, initial differences in structure show when examined that study _ 
of these simplest nutritious organisms alone could never afford a basis 
for generalization on the time relations of a digestive act. 

2. Scytomonas* differs from Monas in the greater rigidity of its 


1 cp. Saville Kent, Manual of Infusoria, 1. 
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increased indigestibility, and Scytomonas, though after enclosure it 
becomes surrounded by a well-marked vacuole, is never at any time 
represented by a mass of granules. Rather it becomes reduced to a 
pale sphere, all trace of flagella and internal structure being lost. Such 
it is when the solvent fluid has passed from its immediate neighbourhood, 
_ and as such it may be ejected from the Ameeba (Pl. VIII. Fig. 1B). Here 
it would appear is the beginning of an insoluble residue, a residue which 
becomes well marked in ingestions to be considered hereafter, which 
may take the form of differentiated investments and appendages of the 
prey on the one hand, and on the other of structural complexity or 
accidental heterogeneity of its contents. 

3. Anisonema. It is not uncommon to find in the water in which 
an ameeba has been kept bi-flagellate organisms possibly of the genus 
Anisonema holding grains of “ paramylum.” 

These are largely ingested and at first lie in a vacuole; they may be 
traced however for two days after loss of the vacuole, the paramylum resist- 
ing digestive action altogether and the outer membrane being similarly 
unaffected. Probably here the parts which undergo solution are the 
flagella and the endoplasm, but as the paramylum grains when largely | 
present in the free Flagellates hide details of internal structure, so in 
digestion do they maintain their relative prominence and make it 
difficult to determine the extent to which solution takes place. 

4. Rotifers,and Infusoria possessed of cuticular appendages or hold- 
ing foreign particles. Carmine grains, finely divided Indian ink, small 
chlorophyll-holding bodies and indeed accidental contents of various 
nature may be present in the Infusoria which are taken in by Ameeba. It 
will perhaps suffice to say here that no solution of the pigments occurs, 
and that the chlorophyll resists the action of the digestive fluid even 
more when thus doubly enclosed than when it is ingested as part of a 
free-living Desmid. I am too uncertain of the nature of “cuticle” to 
give a more chemically definite name to the investment of Stylonychia, 
Vorticella, Rotifers &c., but whether allied to chitin or of another nature 
it does not undergo sclution. When it is present as an envelope, fluid 
passes through it to act upon matter lying within ; but the cuticle itself 
in this form or when shaped into the small hook-like processes common 
in some Infusoria, is rejected unchanged. The cuticle often becomes 
more sharply defined by partial solution of its contained protoplasm, 
and often rounded when its enclosure is not very recent, may be watched 
to an ejection stage. This stage is generally reached in two to three 
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days and during this period of time a surrounding vacuole at first is 
evident, and later is lost. | 

5. Euglena. There are however other Infusorial ingestions which 
have insoluble elements differing from those as yet described. Euglense 
are upon occasion readily taken in by Amoeba, and by colouring matter . 
and contents are traceable with some amount of ease. For the body of 
each is as is well known coloured almost completely a bright green. 
Only the anterior end bearing the flagella is hyaline and this end has 
its red pigment spot. Within are angular bodies probably crystalline 
in nature, according to some however, “ amylaceous ” corpuscles. | 

These Euglenz, ingested when alive and moving actively, change 
markedly and uniformly when within the Ameba. They become 
round, darken in tint and finally are deep brown. They are reduced 
in size by one half, and, since traces of the hyaline region are on 
ejection discernible, it seems probable that solution is rather diffused 
than localized, some substance being affected which is common alike to 
the coloured and uncoloured parts. The change from green to dark 
colouring matter makes it impossible in advanced digestion to ascertain 
the size and number of the enclosed crystalline bodies, and the red 
pigment spot is also hidden. Vacuoles surround these Euglene and are 
at first more or less evident according as the change which the ingesta 
exhibit is greater or less. They have seemed to me less conspicuous 
than when simpler, colourless Infusoria are being digested, and I believe 
they are very generally lost when complete shrinking with change of 
colour has been brought about. 

6. Egg Albumen. In shagtnted egg albumen we have proteid 
matter which differs very widely from any of these Infusoria, and which 
may yet upon occasion be ingested. My notes on its appearance and 
surroundings during enclosure are however scanty for I found it 
difficult to break off fragments which were small enough to promise 
ready ingestion. I regard it as almost certain that partial solution does 
take place, and as probable that the solution is only partial. 

The irregularly fibrillar fragments of egg when ingested induce the 
formation of fluid round themselves, and in this fluid they undergo 
some reduction in size. They may be detected twelve hours after 
enclosure and they may be passed from the substance of the Ameeba 
while still fairly large. I do not know whether this ejection was a 
result of lesion or an occurrence in the natural course of things ; it may 
quite well be that among the comparatively few experiments in which 
the Ameeba did ingest the albumen not one was successful throughout, 
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and that therefore I must as yet make no dogmatic statement on this 
point. 

Self-digestion. Before passing to the consideration of Algw, ingesta 
in which the structural, insoluble element is very marked I must 
describe a series of events seen in Amoeba Proteus and diagrammatically 
represented in Pl. VIII. Fig. 5. Seen only once, this series may form an - 
insecure basis for generalisation: it is nevertheless too curious to leave 
unrecorded, 

The Ameeba in question had been under observation for six days. — 
When examined on the seventh morning it held many ingestions, in 
vacuoles—Infusoria with adherent carmine grains, and an Alga which, 
during an enclosure of two days had remained bright green. At 12:45 
the hind end of the Amoeba had the appearance indicated by Fig.5a. A 
vesicle bounded by substance, hyaline save at the point K, projected from 
the animal’s body. In the fluid which filled this projection lay five 
extremely small Monads and one readily distinguishable carmine grain ; 
the Monads were in active movement. The continuity which apparently 
existed at this stage between the proximal part of the vesicle and the 
_ protoplasm of the Amoeba became less evident in a few minutes, and at 
the stage sketched in Fig. 5 b, I thought there was adherence but no 

structural connection. But at this point the Amcba’s hind end took on 
the form of a shallow funnel, rims of ectosarc advanced round and over 
the vesicle or portion of substance which I believe had just been cut off 
(Fig. 5 c) and by 1:30 P.M. complete enclosure was effected (Fig. 5 d). 
The vesicle lay then within the substance of the Amceba but towards | 
the lower surface so that it was necessarily viewed through the clear, 
superficial ectosarc and granular more internal protoplasm. Through 
this however might still be distinguished the rim of clear matter with a 
slight accumulation at one point, while the carmine lying within was 
also evident, and four of the Monads could be seen. 

At 2.35 p.m. (Fig. 5, ¢) the ingestion showed a definite external bound- 
ary but the fluid it held when enclosed was reduced in amount, and the wall 
of the vesicle was expanded inwards and showed a jagged internal edge. 

At 2.50 p.m. (Fig. 5, £) the vesicle was represented by a collapsed — 
sac lying in a well-marked vacuole; within it the Monads could be 
dimly distinguished and the carmine showed plainly. 

Digestive change now progressed ; at 3.50 P.M. the mass was still 
irregular while all trace of the Monads had gone; and at 4.30 P.M. it 
had become rounded and was indistinguishable except by memory from 
an Infusorian- holding carmine. 
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At 6 P.M. the rounded mass with its vacuole had left the hind end 
of the Ameeba and passed into the more actively moving anterior 
region, while the next morning a very small vacuole still surrounded it 
and the solution was far from complete. 

It will be seen that I have not recorded the protrusion of this 
eventually digested vesicle from the substance of the Ameeba, and that 
I did not watch the entrance of the Monads into the fluid which it 
contained, 

Alge. These, soon after their entrance into the substance of the 
Ameeba lose the vacuoles by which they are at first surrounded. I 
have said in my previous paper that on one occasion such a vacuole 
persisted for four hours; it was then common to a Protococcus and an 
Infusorian, so that the digestive stimulus was of a mixed nature. 
A shorter time, two to three hours, would appear more typical, but 


- yariation on both sides of such a limit occurs. 


Now in any adult Alga, at least of the Shlain we may 
distinguish cell-wall, protoplasm, and chlorophyll held in the proto- 
plasm. In the forms which most frequently fall a prey to Amoeba the 
chlorophyll is generally diffused ; occasionally however it may be present 
in chlorophyll corpuscles which form specialised parts of the otherwise 
colourless protoplasm. Of these elements the protoplasm undergoes 
the most marked change; for, at first adherent to the cell-wall, it 
presently becomes an irregular mass separated on all sides from the 
cell-wall by fluid. (Fig. 1,a.) The formation of this irregular mass is 
probably truly indicative of loss of substance and not of such a change 
as occurs in plasmolysis since the Algz examined, viz. Chlorococcus, Proto- 
coccus, Desmids, Diatoms are not those which are possessed of the most 
conspicuous cell-vacuoles. 

When chlorophyll is present in ingesta in the form of corpuscles, 
the outlines of these may still be seen while the less modified 
protoplasm between them is shrunken and changed; when however 
the chlorophyll is generally «diffused, it follows and emphasizes the 
change of form in the cell substance which holds it. 

And such chlorophyll is not itself unaltered. An Amoeba which has 
previously been in the neighbourhood of small Algs often exhibits upon 
examination ingesta in which the colour is dark brown, and indeed it 
may be that the presence of organisms alike save for their difference of 
tint indicates that occurrence of digestive change which continued 
watching reveals. (Fig. 1, 8.) It must not be thought however that the 
chlorophyll and protoplasm exhibit parallel series of changes; the 
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action exerted by the Ameeba on both is slow when compared with the 
rapid digestion of Monas, of Euglena, of Glaucoma, but the slowness is 
especially marked in the case of the colouring-matter. 

Thus, shrinking first sets in (and this is only apparent in two to 
three days), and three, five, six days may pass and leave the chlorophyll 
still green. (Cf. Fig. 3, Chl.) Although this change is so slow I think 
it is completed before ejection of the Alge unless they are lost as a 
result of lesion; and indeed a Desmid, a Diatom, or a spore may be traced 
in the substance of the Amoba for two or three days after digestive 
action is, as judged by the eye, complete. (Fig. 6, D.) 

It remains to consider the third element in a normal Alga,—the cell- 
wall, It would seem that this undergoes neither perforation nor 
solution; when the organism which it invests is minute, the shape is as 
perfect after ejection as in the free, living cell, and the same may be 
said of the rigid case of a Diatom; while the. wall of a larger ingestion 
may when its contents are markedly shrunken be slightly folded or even 
bent upon itself. Leidy’ figures an Alga thus misshapen. I have 
- noticed the altered form only in thin walled specimens, and regard it as 
the expression of unequal pressure exerted by the fluid within the 
cellulose on the one hand, and the shifting endosare of the Amoba on 
the other. 

The nature of the fluid which fills a digestive vacuole. It 
seems probable on the whole from these and other observations that, 
while the appearance of nutritious ingesta when within the Ameeba is as 
varied as is their conformation before enclosure, they have constant 
surroundings—vacuoles of colourless fluid. Each of these succeeds or 
persists from the vacuole of ingestion which is so characteristically 
formed in the enclosure of small animals or plants, and is especially 
evident when an illoricate, undifferentiated and probably highly nutritious 
prey is dealt with. For in this case the vacuole is asa rule distinct until 
only a small residue of enclosed matter is left undigested, and then the 
accumulated fluid is diffused through the substance of the Ameba. 
When an ingested organism has an outer insoluble coat the vacuole at 
first lies around it, and during this time the fluid passes through the coat 
_and digests the proteids lying within: later this outlying fluid disappears, 
but further change in the organism, and upon occasion change in 
chlorophyll indicate that digestion goes on slowly within the test or cell 
wall, The nature of the action upon chlorophyll is a little obscure; it is 


1J.Leidy. Freshwater Rhizopods of N. America. 
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not easy to suppose that the presence of a cellulose wall could delay for 
six days the onset of a change of tint which in the colouring matter of 
unshielded proteid was complete in twenty-four hours, yet there can be 
little doubt that the chlorophbyll-holding Euglenae become dark brown in 
a space of time less than that which suffices even for marked shrinking 
in the protoplasm of a plant cell. The point at which change of colour 
stops is in both plant and animal the same, and a Euglena enclosed in 


Paramoecium before its entrance into an Amoeba remains green long ~ 


after change has set in in one ingested when free. 

The secretion which fills a digestive vacuole then, holds some 
substance which is active on proteid matter; further, it is probable that 
the activity goes on in a neutral medium. It has been mentioned 
above that carmine when taken in alone speedily lies in contact with 
the Amoeba’s substance. But it may be enclosed, possibly by accident, in 
a vacuole of ingestion which holds a Protococcus or a Scytomonas, and 
Infusoria which have in the first place taken in carmine may be ingested 
and changed. (Fig. 6, B. Fig. 3, a. 8.) In neither case do the car- 
mine grains undergo solution; their colour is undiffused, their outline 


still sharp after two to three days. Now sodium carbonate ‘1°/, brings — 


about under the microscope quite obvious solution of carmine; the 
absence of any change in digestion may therefore with some amount 
of certainty be taken as the expression of the absence of an alkali in the 
digestive fluid. 

I have said before that litmus also is unchanged after ingestion, and 
that since it in common with other innutritious bodies does not provoke 
the formation of a digestive secretion no inference as to the composition 
of such secretion can follow the observation. But in one case I saw the 
ingestion of litmus in company with a small Infusorian, and their estab- 
lishment in a common digestive vacuole. In three and a half hours charac- 
teristic structural change with evident shrinking had set in in the animal 
ingestion while the colour of the litmus was still blue. The ejection stage 
here was not seen, for, being left overnight, in the morning both litmus 
and Infusorian had disappeared. I think however, that the observation 
goes far to prove the absence of an acid, especially when taken in 
conjunction with the fact that changes induced in Monads, or 
Stylonychia by HCl °1°/, to °4°/, do not recall the changes which can be 
observed in those organisms when within Ameceba or Actinospherium. 


The extent of the solution effected by the digestive fluid. 


It seems probable that sometimes the activity of the ferment present 
in a digestive vacuole brings about the complete solution of a small 
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organism. A Monad is, it will be remembered, represented by a heap of 
granules when the fluid surroundings in which it has undergone such _ 
marked change disappear; these granules may be digested later but I 
have been unable to follow them and determine their final fate. Certain 
Infusoria however, which are more slowly acted on than are these 
Monads, afford clearer evidence of the possible lengths to which digestive 
change may go. 

_ T have seen such animals ingested together with carmine, and as they 
decreased in size the colouring matter allowed their course to be followed. 
They lay after ingestion in well-marked vacuoles, and the next morning 
_ the vacuoles were still present. During that day they diminished, and 
after the night, while some ingestions were no longer to be seen, in some 
cases the carmine lay freely, liberated, I believe, by the complete 
solution of the organism to which it had been attached. When ~ 
structural complications become striking there is no question of complete 
solution ; the protoplasm is never entirely lost from within a cellulose 
wall, nor have I ever seen the ejection of an empty animal cuticle. 
There is apparently no fragmentation during digestion, but when the 
contents of a vacuole are complex they are closely pressed together and 
never lie loosely in the fluid of which it is made up. This close connec- 
tion I described before when a Protococcus and a Monad were enclosed 
together ; it may be seen between similar Infusoria, and when carmine 
grains and Infusoria-are near neighbours during the solution of the 
latter. 

The rate of solution, There is apparently a certain amount 
of evidence for the view that the rate of solution is not uniform; thus 
the initial stages of change are reached and passed with a rapidity, 
which in later stages is lost. And since an ingestion which may finally, 
as it seems, undergo complete solution, and which therefore, though it 
may be acted upon with difficulty, cannot be altogether indigestible, may 
still after thirty-six hours be surrounded by fluid, it appears probable that 
this fluid varies during the same act from time to time in its composition. 
I have thought that a slackening of action took place during the night, 
and that a phase of renewed activity set in with the daytime. We may 
suppose similar variation in the fluid lying within a cell-wall or a cuticle, 
change being as readily conceivable here as in the vacuole of a secreting 
cell of Drosera during the different stages of activity and subsequent 
absorption’. 


1 Of. Gardiner, Proc. Roy. Soc. Vol, xxx1x. p. 229, 1885, 
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‘With the formulation of this view of possible intermittence in the 
digestive activity of the Amoeba I ought perhaps to connect a notice of the 
generally speedy onset of action. 

Throughout the experiments detailed above death followed enclosure 


_ with a rapidity which suggested that the action exerted by the Amoeba 


in the first place was the emission of a poison. Now Infusoria with or 
without a‘cuticle press unharmed round and into the substance of a 
dead Amoeba; it would appear possible then that no store of poison 


exists but that its formation from some forerunner is synchronous with 


the act of ingestion, The nature of the stimulus which brings about 
its secretion is as obscure as is the cause of the advance of pseudopodia 
to encircle a prey ; it may be that in the early stages of action some excit- 


ing substance is given off from the ingestion and has a stimulating effect, 


and that later the digestive products are potent. The slower digestion of 
organisms possessed of tests would be explained, on this hypothesis, as 
due chiefly to the slower absorption of the stimulative products of 
digestion. 

The surroundings of the digestive vacuole. Absence of 
contractility. The digestive vacuole moves through the endosarc as a 
small fluid sphere, and has as a rule at every second different granules 


and fresh crystals of the Ameba in contact with its boundaries. It 


may happen however that certain granules not differing visibly from 
those I have described as forming in part the groundwork of the normal 
endosare cling round the vacuole and follow it in its progression and 
revolution. Such adherence is striking when it occurs, but is not general. 


I have observed it when the ingestions were not recent, ie, when the 


season of most active solution was over, and the Amceba on which the 
observation was made, had in all cases been under examination for two 
or more days. I do not think this prolonged captivity implies un- 


healthiness ; it is however often associated with the taking up and diges- 


tion of much animal food. 

The true digestive vacuole shows no signs of contractility. It is 
known that loss of effete matter often takes place from a vacuole, 
but the fluid which forms this would appear to be gathered from the 


-endosare after entire loss of that which effected digestion, the persist- 


ence of indigestible remains without fluid surroundings in the Ameba, 
being as characteristic as the ingestion of matter which is initially 
innutritious. I ought perhaps in connection with this to refer once more 


to two instances of enclosure of Monads each of which had an unexpected 


and unusual sequel. In one case a Monad was ejected unharmed after 
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ten minutes stay in a large vacuole; in the other, and this I have 
- described above as a probable instance of self-digestion, the Monads 
with their enclosing vacuole and its protoplasmic boundaries were con- 
stricted off, ingested by the substance from which they had been sepa- 
rated and eventually digested. In neither of these cases did I see the 
act of enclosure. I may point out that it was ectosarc which through- 
out bounded the vacuoles here, and I have thought that the constriction 
in the second case was a result of lesion, and that in the first instance the 
actively moving Monad ne by accident the thin pellicle which 
surrounded the vacuole. 

The ingestion of innutritious substances. When inachable 
matter is taken in a comparatively massive form (as when starch grains, 
litmus, crystals and single lumps of carmine constitute the ingesta) it 
speedily lies in contact with the endosare of the Amoeba, and after a 
stay of varying length is rejected. (Fig.6,C.) Carmine may, however, be 
administered in a state of very minute division, and Indian ink when 
rubbed with water is almost invariably finely particulate. And frag- 
ments of carmine or of Indian ink of such small size very commonly 
move after their ingestion, not freely, but gathered into groups by a 
basis of hyaline substance which is generally spherical and often 
difficult to observe. I thought at first that this was a phenomenon 
bearing much resemblance to the “binding” of carmine into balls which 
Ehrenberg describes in ingesting Infusoria. But as has been said 
Indian ink too may possess this basis; and since Indian ink frequently, and 
- carmine, when sufficiently finely divided, cling to the hind end of the 
Ameeba before ingestion, while it is at the hind end, as is well known, 
that ingestion. does take place, it seemed to me just possible that a 
finely particulate ingestion (and no nutritious matter which I have 
seen reaches a state of such minute division) might be accompanied by an 
infolding of the ectosare. This infolding is by subsequent constriction 
separated off, and moves, with the grains which cling to it, through the 
substance of the enclosing animal. Since the grains so provided with a 
“basis” are during their enclosure no more changed than are the larger 
masses which lie free in the endosarc this connection cannot have digestive 
significance, and its occurrence seems very improbable in face of the 
account of change of ectosarc vesicle which I have recorded above. 
I notice the phenomenon here because it characterized about 90 °/, of 
the Amcebee in which ingestion of carmine was observed. 

The time limits of the stay of ingesta within the Amcba. 
It is by no means easy to determine the"ttme which usually passes 
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between the entrance of any solid body, and the exit of itself or its 
excretory representative, and one is disposed to turn to insoluble matter 
as promising from its uselessness a shorter history of enclosure than do 
bodies which are changed. But carmine may stay within an Ameba 
for a time as long as twelve days; Indian ink I have watched for seven 
days and litmus for four. Since in these cases, the largest particles of 
the bodies studied were those first lost, since litmus, never very finely 
divided, had not a markedly long enclosure, and large crystals ingested 


- sometimes, similarly did not tarry long, the exit stimulus would seem to 


be mechanical inconvenience to the Ameba. And certain facts atten- 
dant on the enclosure of nutritious bodies bear out this view. Thus, 
ingesta as large as are Rotifers or some Infusoria are as a rule lost two 
to three days after their entrance; while Euglene in which visible 
change is completed in about twenty-four hours, may lie within the 
endosarc for four days or longer. Coagulated egg albumen is lost after 
two or three days, but since it is always comparatively massive, I can- 
not be certain whether the ejection is due to mechanical inconvenience 
to the Ameeba or to completion of the digestive act. Slowly changing — 
algee have almost certainly a much longer stay. I have pointed out 
that it may be seven days before change of colour sets in, and that after 
apparently complete change a Desmid or a Protococcus may be enclosed 
for two days or even for more, The period between these two dates I 
have not manures; I should i — it is at least as long as either of 


the others. 


It is clear that was an Amoeba is examined under a coverslip, even 
in the absence of marked pressure, the limitations set to its changes of 
form are narrower than those which it experiences when crawling on 
the surface ooze of a pond. This fact may make the length of stay, as I 
have estimated it, shorter in captivity than when the animal is free ; for 
it would seem that, if mechanical inconvenience is efficient as one exit 
stimulus, this inconvenience must be relatively increased when it 
becomes impossible under existing circumstances to assume anything but 
a somewhat flattened form. Starch may be present for seven successive 
days. 

The conditions which accompany ejection. In speaking of 
this point, which forms the natural conclusion to that just briefly 
considered, it may be well to deal at the same time with nutritious and 
innutritious ingesta. And I have to acknowledge ignorance of the 
conditions which in Ameba are necessary for the formation of an 
excretory vacuole. Fluid, though so often present round the débris 
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of digested food cannot be necessary for the act of expulsion since 
crystals, litmus, carmine, and starch may be passed to the exterior with- 
out such accompaniment. Indeed an Alga is sometimes ejected with no 
marked surrounding fluid, and when as often happens, on mounting an 
Ameeba a large vegetable ingestion is prematurely expelled, its exit 
is quite gradual, and while part lies freely in the surrounding water 
another part is yet invested by a sheet of hyaline ectosare which is 
gradually withdrawn’. Here the expelling ectosare leaves the endosare: 
behind, but it may happen that granules and crystals flow right up to 
the end from which innutritious matter is being passed. (Fig. 6.) Even 
in this case the rupture effected by transit of the solid matter is so soon 
repaired that there is no escape of endosarc; indeed (if it be justifiable 
to use the term rupture at all) I have only once seen any indication of 
solution of continuity, and that was momentary and occurred in the 
ejection of a Euglena which was probably surrounded before its exit by 
a small quantity of fluid. (Figs. 4. e. 7.) 

It has been suggested above that it is mechanical inconvenience to the 
Ameba which limits the stay of ingesta, rather than their nutritious 
on non-nutritious nature. It is probable however that indigestible 
matter is often rejected when more nutritious ingesta are available. 
Thus while starch may be enclosed for seven days, it may be lost 
after four or five days upon the ingestion of Monads, or even before 
that time if its grains are large relatively to the size of the Amoeba. In 
like manner Euglena may replace Chlorococcus and Desmids may be 
expelled when Infusoria are taken in. The region in which ejection 
occurs is much more determinate than is the mechanism by which it is 
effected, and I believe that all ingesta are passed out from the hind end. 
(Cp. Figs. 4.6.7.) They take up a position there it may be some hours 
before they leave the substance of the Ameeba, and generally keep this 
position until the end; an excretory vacuole when this is present may be 
formed before or after the final passage backwards, but typically it 
becomes evident only a short while before the actual ejection. In 
speaking of the non-contractile character of the true digestive vacuole 
earlier in this paper I noticed that on one occasion I saw a Monad 
in contact with fluid within the Ameba, the fluid being apparently with- 
out solvent effect. I have said too that it seemed to me possible that 
the Monad had in movement entered from the surrounding water into a 


1 Leidy illustrates a like gradual of an Alga. 
Op. cit., Plate VIII. Fig. 29. 
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contractile vacuole, and therefore never lay in fluid which was called into 
existence by its own presence. For the series of events which occurred 
under observation was as follows: at the then villous hind end of the 
Ameeba lay a relatively enormous vacuole holding a carmine grain and an 
active Monad closely adjoining this was a contractile vacuole, and I fancied 
that some fluid passed from the first to increase the volume of the second. ° 
After a few minutes the Monad and the carmine were set free by 
outward opening of the vacuole in which they lay. It is known that in 
Ameba proteus one, two or three contractile vacuoles may be present, 
and it seemed at the time that one of these had by some means acquired 
the two foreign bodies observed ; the nature of the means it is not easy 
to conceive, for the explanation of forced entrance which accords with the — 
structure and habits of Monas, is inadequate when we consider the 
immotility of grains of carmine. 

Finally it may be noticed that contact with fresh water or 
transference from one microscope slide to another or temporary increase 
of pressure often brings about the performance of the act of ejection. I 
have only seen large Algew or innutritious matter, such as grains of 
carmine or Indian ink, passed out under these conditions; it would 
appear then that the tactile stimulus applied brought about the 
expulsion of bulky or innutritious substances at a moment when the 
protoplasm of the Ameeba was when left to itself too sluggish to effect the 
action. 


ACTINOSPHZRIUM EICHORNII. 


I have before given some description of digestive action in this 
animal, but it was a description which wider experience has shown to be 
inadequate. I emphasized then the difficulty which attended the obser- 
vation of a fluid secretion in the earlier stages of a digestive act, and the 


gathering of “proper” granules of —" round an enclosed 


prey. 
- This account is true, but it is not tvateal ; it is true of an animal 
examined under pressure which is perceptible, though not great enough 
to interfere markedly with digestive action; it is not typical inasmuch 


as certain differences are noticeable when no pressure is applied, and 


the absence of pressure must be considered the normal condition. 

In somewhat the same order as that preserved in speaking of like 
details of the Amoeba, the act of ingestion, the nature and fate of 
ingesta and the mode of ejection, may be creed in Actino- 
spheerium. 
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The act of ingestion. This is sometimes effected without any 
noteworthy aid from the filiform pseudopodia: these may, it is true, 
grasp a quiescent prey or cling to an object that is moving, but in the 
specimens of Actinospherium*in which I saw most active ingestion, 
contact of an Infusorian or of Euglena with the main body of its captor — 
was.the only antecedent which I could immediately connect with the 
enclosure that followed. There is a possibility of this enclosure at any 
point in the circumference of Actinospherium ; at any point therefore 
an ingestive pit may be formed, and films of the surrounding substance 
may be drawn over the prey. The advance of these films is usually so 
slow that the steps of it cannot be followed; it may happen however 
(Pl. IX. fig. 9 B), that when a very active Infusorian is being taken in, 
a tongue-like protrusion of hyaline substance is seen to run out under it, 
starting from the middle of the uniformly present depression. 

The nature and fate of ingesta. The bodies whose history after 
such enclosure is to be followed cannot be separated according as they 
have or have not nutritive value with the ease with which a like 
division can be made in the case of the Ameba’s captures; for though 
starch, litmus and carmine may be taken in, the number of cases in 
which their enclosure is recorded, forms an extremely low percentage of 
the total number of acts of ingestion; while an Ameeba as is well 
known, will load its substance with carmine if suitably brought into its 
neighbourhood, it is very rare to notice inorganic or inanimate objects 
within a freshly mounted Actinospherium. 

We have to deal then chiefly with bodies that are changed after 
ingestion, and among them may be distinguished small and larger 
colourless Infusoria, Rotifers, and small Crustaceans: Euglena is taken 
up greedily and enclosed Algez may also be found. | 

Up to a certain point these organisms have a common fate; they are 
all surrounded by vacuoles, changed while thus surrounded, and ejected 
from fluid when the digestive act is at an end. (Pl. IX. figs. 9and 10.) As 
ingestion may take place at any point of the external boundary of the 
body substance, and as in great activity one ingestion follows another 
rapidly, it comes to pass that sometimes many digestive vacuoles, with 
contents in various stages of change, lie scattered through the body of 

the Actinosphzrium. And while any vacuole is at first peripheral it 

may lie more deeply as digestion proceeds, though there is, before loss 

of food-remains occurs, a final passage towards the superficial layer of 

the enclosing protoplasm. The vacuole in Actinospherium is, it 

would appear, not lost in normal digestion; I have brought about its 
20—2 
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disappearance by considerable changes of temperature, but such loss was 
only temporary and cannot be observed when digestion is accomplished 
at the temperature of the room. It is clear, that if the fluid which 


makes up this relatively persistent vacuole is not lost, its composition 
must change; for it must be successively a medium for the solvent 


passed from the substance of the Actinospherium, a medium for the 
transference to that substance of the products of solution, and finally 
must be made up of fluid of relatively little value to the animal which 
ejects it with the indigestible débris of food. Such change in composi- 
tion one can of course only suggest; but a variation in the surroundings 
of a vacuole during its existence can be seen; at first, and until very | 
marked action has been exerted, the protoplasmic bars which surround 
the fluid are thickened, and they hold granules more in number but 
not visibly differing in appearance from those which are characteristic of 
all the substance of Actinosphaerium ; the bounding walls of an excre- 
tory vacuole are always thin and generally hyaline, while it should be 
noticed that the fluid of the vacuole as a rule increases in amount during 
digestion, and is never so relatively abundant as before the act of ejection. 
(Pl. IX. fig. 10.) | 

The fluid making up a vacuole shows no solvent action upon 
carmine grains which may be present in an ingested Infusorian ; it is 
presumably therefore not alkaline. I have seen unchanged blue litmus 
in the protoplasm surrounding a digestive vacuole, but here there was of 


~ eourse no decisive contact with fluid. 


Such are some of the details which I believe, go to make up every 
normal digestive act ; I have said above however that initial differences 
in the structure of organisms which are enclosed bring out corresponding 
peculiarities in the digestive power of their captors. 

Thus upon one occasion I saw the complete solution of a small 
Infusorian: the action was accomplished in 14 hours, and the outside 
sheath of the animal persisted longer than did its contents. The fluid 
secreted by Actinospherium seems to act more powerfully and more 
rapidly than that which the Ameba pours round its food, though the 
kind of action is apparently the same. In Actinospherium it is quite rare 
to find on any morning traces of organisms which had been ingested on 
the previous day; and while the “cuticular hooks” of Stylonychia do form 
a residue which is indigestible, that is, is ejected unchanged, there is quite 
considerable breaking down of Infusoria in which cuticle and “myophan” 
layer are well developed. Such Infusoria are generally represented 
after six to eight hours by a colourless granular mass in a large thin 
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walled vacuole (Pl. IX. fig. 10); this mass is speedily discharged and carries 
with it any accidental food contents of the organism which it represents. — 

It has been said before that great change in the colouring matter 
chlorophyll is no necessary part of digestion in Actinospherium. 
When Euglenez are ingested they do not take on the dark brown tint, 
characteristic of them after twenty-four hours’ stay in the Ameeba. 
They are markedly changed, and so much so that the chlorophyll which 
at first coloured their substance presently gives a yellow-green colour to 
the vacuole in which they lie (Pl. VIIL fig.8 D). The crystalline bodies — 
are unaffected; the chlorophyll never spreads into the surrounding 
protoplasm of the Actinospherium nor invades neighbouring structural 
vacuoles, and becoming more yellow, but as I think rarely dark brown, 
it is ejected after a stay possibly some hours longer than that made by 
an ingested Infusorian. | 

It would appear however that chlorophyll may become brown if for 
any reason the action upon the matter which it colours be slow. At 
any rate Alge with darkened contents may sometimes be seen in 
Actinospherium; I have, however, never been successful in bringing 
about the ingestion of a green Alga and watching the colour change of 
its contents. I have seen vacuoles round Algz but they are not striking, 
and cellulose clothed organisms are very generally ejected when (as 
happens in prolonged watching) much Infusorial food becomes accessible 
to an Actinospherium. 


I have finally to make a very brief statement of some connection 
which seems to exist between the conditions of any observation, and the 
experimental results gained from it. 

In an organism so large as is Actinospherium it is difficult to 
examine the lower layers of substance with high powers of the micro- 
scope without some application of pressure, and when this pressure is 
absent a digestive vacuole lying at some distance below the surface is 
very difficult to trace. Excessive pressure on the other hand while 
allowing temporary examination speedily induces rupture, and pressure 
kept below an obviously hurtful point brings about a general contraction 
of the body substance which, by giving added opacity, may make it by 
no means easy to recognise the localised presence of fluid. 

I have used therefore for long-continued watching, Oc. 3, Zeiss with 
Objs. BB. and occasionally Obj. D. only applying Objs. E. and F. when 
observation was to be followed by the speedy death of the animal. And I 
found that out of one hundred specimens, eighty-one showed well- 
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marked digestive vacuoles, fourteen held no food at the time of their 
examination and five were so opaque that their structure could not be 
clearly made out. The eighty-one animals in which digestive vacuoles 
were plainly present often had two or three, occasionally many more ; 
and the vacuoles were most readily divisible into those which were 
small and peripheral, holding a hardly changed prey and indicative of 
recent ingestion, those with markedly thickened surrounding bars, the 
digestive act being in progress, and those which were large, thin walled and 
superficial with scanty amorphous contents,—the vacuoles of excretion. 
These I believe sometimes meet on the surface of the Actinospherium 
and fuse before outward loss of their contents. i 

Summary. I propose to close this paper by giving a brief summary 
of the points, detailed above, which seem most constantly illustrated 
by observation. Among such points will be included those in which 
Ameeba and Actinopherium resemble each other, those in which they 
differ, and others which have been satisfactorily studied in one animal 
only. 


1, The ingestion of solid matter is promiscuous in Ameeba ; that is 
(apart from the possible exception which we have in the case of 
bacteria) nutritious and innutritious bodies are taken in with equal 

readiness. Actinospherium on the other hand when in contact with 
- innutritious particles rarely ingests them. 


2. The act of ingestion is accomplished in Amoeba by the emission, 
usually at the hind end, of pseudopodic prolongations of its substance 
which meet first laterally of, and later above and below the prey: in 
Actinospherium the organism to be enclosed is drawn to a pit formed at 


any point on the surface of the body, with or without the help of the 
filiform pseudopodia. 


3. The innutritious matter taken in by Ameba is not surrounded 
by fluid when it lies in the endosare. 7 


4. Nutritious bodies are, when taken in by either animal, digested 
by fluid which is poured around them. This fluid separates a prey 
from the substance of the animal which has effected its capture, 
though it may upon occasion lie within a cuticle or within a cellulose or 
siliceous cell-wall. Upon these investments it has no action. Starch 
and fat are apparently not dissolved by it. It is colourless, neutral, 


active upon coagulated but more active upon non-coagulated proteid 
matter, 
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In Actinospherium fluid surrounds the prey during the whole time 
of its enclosure: in Ameba, the surrounding fluid, even if finally 
regained, is at one time lost. 


5. The energy displayed by the secretion which effects divustion 3 in 
Actinosphérium is probably greater than that which the analogous 
solvent in Ameba exerts: thus, like organisms are more rapidly changed 
by the former than by the latter animal, and solution of such Infusoria 
as possess well-differentiated cuticle goes farther when they are within 
Actinospherium. It seems possible that there is in both animals entire 
digestion of certain simple forms. | 

6. When chlorophyll is present in ingesta it may within Amoeba 
become dark brown ; this happens, (2) in illoricate animals in twenty- 
four to thirty hours; (8) in plant cells only after a lapse of many days. 
In Actinospherium it is probable that the change of colour effected 
may be as complete ; generally, however, in enclosed animals a yellow 
green colour only has been assumed by the chlorophyll where the 
protoplasm it tinges is largely dissolved. 

7. The act of ejection is normally performed at the hind end of 
Amoeba. It is apparently not necessary that fluid should gather round 
the body about to be expelled, for all innutritious substances are lost 
without such accompaniment; and while matter which has been 
changed is commonly ejected from a vacuole, Algze may be passed to the 
exterior after previous close contact with the investing ectosarc. In 
Actinosphzrium there is always an excretory vacuole from which egesta 
are slowly passed; it may be common to débris of organisms which 
during digestion have been surrounded by two or three distinct 
accumulations of fluid, and it is distinguished from a vacuole in which 
active solution is going on (a) by its superficial position; (8) by the 
thinness of the protoplasmic bars which bound it. 


8. The time which passes between ingestion and ejection appears 
to be regulated in the case of Ameeba partly by the size of the particle 
enclosed, and partly by its nutritive value as compared with that of 
other possible ingesta. The following is a very rough table of the 
history of various bodies; I give it emphasizing the statement that 
the various conditions I detailed on pages 277, 278 make the deter- 
mination of average times a work of difficulty. 
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Ingesta Quiescence Tos of vacuole Ejection 
| | ften not see 
Simplest Infusoria. 5 m. 2—4 hours ays. 
— | 10—20 m. | 2—6 hours 1—3 days. 
Starch grains. 7 days. 
Starch grains when Monads 
were also accessible. 
Litmus. 2—4 days. 
Carmine, small grains. days. 
Carmine, large grains. 4—5 days. 


In Actinospherium there is less variation; the digestive act is often 
completed and ejection may be effected in 14—8 hours. Alge have here, 
however, a much longer stay, and in Amoeba the omange:s in them is brought 
about with remarkable slowness. 


From these experimental results it would seem that in some ways 
dissimilarity exists between the two Rhizopods studied. I imagine that 
this is due in the first place to the peculiar conformation and habit of 
life exhibited by each. Thus it may be that the shifting protoplasm of the 
Ameeba can be accommodated to numerous foreign particles more easily 
than can the comparatively fixed substance of Actinospherium. The 
speedy ejection of foreign matter after its partial solution thus becomes a 
matter of more moment with the latter animal, and any useless loading 
such as would result from the inception of innutritious particles is 
avoided. It is clear too that the locomotion of a vacuole must be effected 
with some difficulty in Actinospherium, and though such movement 
is brought about gradually, the thickened bars of the digestive vacuole 
may be the expression of purposeful contact between much protoplasm 
and the fluid which it secretes. 

Again the vacuole constantly present in denise may be a mechanical 
aid to the performance of the act by protoplasm which cannot normally — 
exhibit such obvious contraction as does the mobile substance of the 
Ameeba. 3 

In the second place it appears that the digestive secretion of 
Actinospherium does differ in degree of activity from that formed by 
Ameeba. This is shown, I think, by the energetic action exerted by the 
first named upon Euglena, by the possibility of obvious proteid change 
without marked darkening of chlorophyll, and by the differing débris of 
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Stylonychia which are passed from the two animals. It is natural that 
this energy should increase the effect of those structural peculiarities which 
tend to shorten the sojourn of ingesta within the substance of Actino- 
spherium, and as has been shown above the digestive act is accomplished 
with relative rapidity. Finally, as illustrating this point I would repeat 
that I watched a case of complete solution in Actinospherium, while in 
Ameeba I inferred such thorough digestion from the probable liberation 
of carmine grains which had been ingested in company with Infusoria. 

Throughout the course of the work which has had issue in this paper 
I have been indebted to Mr Langley’ s unfailing kindness for advice 
and criticism: I offer him here my sincere thanks. 


DESCRIPTION OF PLATES. 


Piate VIII. 


Fig. 1. Amoeba Proteus. 

The outlines are drawn under B. Oc. 3 (Zeiss), the details of 

internal structure are filled in from observation with Obj. D. Oc. 3. 

m=nucleus. A. B = Infusoria undergoing digestion in vacuoles of 
secreted fluid. (a) (8) =similar Alge, one more recently ingested 
than the other (brown). In both the fluid which is digesting them 
lies between the cell wall and shrunken . K. Crystal- 
line ingestion. 

C.V. =contractile vacuole. 


Fig. 2. Hind end of Ameeba Proteus. Zeiss. Oc. 3, Obj. D 
Pseudopodia are meeting round a Stylonychia St. which lies in 
the vacuole of ingestion. /= point of fusion of meeting ectosare. 


Fig. 3. Ameba Proteus; 2 lateral pseudopodia. 


Outline as observed with Oc. 3, Obj. D. 
Details filled in under Oc. 3, Obj. F. 
a, B=Two Infusoria with adherent carmine lying in digestive 
vacuoles. 
A= Three Monads forming one ingestion. 
Chl = Chlorococcus after 2 days’ enclosure. 


Fig. 4. Hind end Ameba Proteus to show act of ejection and preparatory 
arrangements. 
e= Euglena after 3 enclosure. 
Infusorian. 
momentary break, after escape of Euglena. 
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Fig. 5. Ameba Proteus. Hind end. 
a, 6, c, watched under Oc. 3, Obj. D. 
d, eS, 9, » ” ” ” ¥. 
To show ingestion of, and subsequent change in the vesicular 
expansion of the Ameeba’s ectosarc, this expansion being probably, 
before its ingestion, constricted off from the main part of the animal. 
In all the diagrams. 
I =a group of Monads contained by the vesicular expansion. 
C =a small mass of carmine enclosed in a like manner, 
granular accumulation endosarc, or half-digested Monad 
which was discernible throughout the first changes seen. 
In a the ectosare expansion is almost: free. 
In 6 it seems merely adherent, and the extreme hind end of the 
Aweeba is taking on a shallow funnel shape. 
In ¢ this funnel advances over the (probably) freed sphere. 
In d the ingestion is complete, the sphere lies deeply, but approaches 
the upper surface of the Ameba in e, 
In f fluid is lost from within the sphere and secreted round it ; its 


walls have collapsed; the carmine and Monads are still distin- | 


guishable. 
In g digestive change has become more extended. 


Fig. 6. Hind end Ameba Proteus. 
Observed under Oc, 3, Obj. F. 
A, B=Infusorial ingestions, B holding carmine. 


C =carmine ejection on stimulus of transference to fresh water, 
D = Desmid, very old ingestion. 


Fig. 7. ‘Hind end Ameba Proteus. y 
Observed under Oc. 3, Obj. F. 
To show loss of Closterium without vacuole (C7) and slowly retreat- 
ing sheet of investing ectosare (ec). 
Fig. 8. Actinosphaerium Eichornii, __ 
| Outlines of animal and of digestive vacuoles traced with Oc. 3. Obj. B. 
Details of protoplasmic bars filled in under Obj. D, Oc, 3 
To show simultaneous existence of many digestive vacuole and 
changes in ingested Euglenae. 
A = recent ingestion. B Later. C and D near ejection stage. 


Puate IX. 


Fig. 9. Actinospherium Eichornii. To show reduction of ingesta within 
their vacuole. Qc, 3, Obj. B 


. 
) 
we 
4 
44 
b 
Rr... 
| 
| 
4 
t 
‘ 


/ 


wo 


Lith& Imp Camb,Seiinst.Co. 


M. GREENWOOD. DEL. 4 


(2 ¢ \ \ 
i 3 
5 
‘ 


q 2 priv 
i 
4 
‘2 
‘% 
nt 
‘ae & 
“2 
SS 
£ 
am 
% 
4 
a 
4 
( 
‘ 
e 
‘ 
e 
Bi 
e 
SS 


6-30 PM 
> 
b 
V 


VOL Vill, PLATE IX 


F 
41: 
Lith.& Imp. Camb Sci Inst Co. 


\ 

j 


| 


\ 

\ 


JOURN. PHYSIOLOGY . 
a 
M.GREENWOOD. DEL. 


\ 


By 
J 
| 24 
7 
\ 
. ’ 4 
- 
a 
i 
a 
/ 
i 
‘ 
4 Zo 
4 
\ 
j 
7 
A A a 
PM RY 
j 
B 
or 
< 4 J 
fa 
fi 
\ ki < 
= 
4 
f 
J 
> 
AL 
\ 
He f 
/ 
U 
x 


* 
7 
~ 
« 
nv 
AL 
hy 
>» 
» 
? 
« 
‘ 
Cit. 
AD 
Ta 
‘3 
ny 


DIGESTION IN RHIZOPODS. 287 

A 5.30 p.m. aand 6 are Infusoria. 

B5.35 p.m. At edge of same Actinospherium ingestion of ¢ (a small 
Infusorian) is taking place. 

C 6.30 p.m. a, 6, ¢ have undergone some reduction. 


Fig. 10. Actinospherium Eichornii. Oc.-3. Obj. D. 
To show large size of excretory vacuole as compared with surround- 
ing structural vacuoles, 
d. débris of food (Infusorial) 6 hours after ingestion. 


Fig. 11. To indicate some of the various appearances which organisms may 
present when within Ameba and Actinospherium. A.B.C.D, 
represent various Infusoria when alive and free. : 
A. Monas Dallingeri. 
B. Scytomonas Pusilla. 
%Enchelyodon elongatus. 
a, b,c, d represent the same types when they have been with Ameba 
(a, 6, c) or Actinospherium (d) from 30 to 60 minutes. 
In all the figures V = digestive vacuole. 
In C, are two starch grains (St.) which become more evident in c, 
from partial solution of the endoplasm in which they lie. 
E and F are the probable forerunners of ¢ (Infusorian) and f 
(Rotifer) sketched when within the Ameba : was ejected 24 hours 
after the ’ figure was drawn, and during the first 4 hours of this 
time the vacuole was obvious; it diminished during the next 3 hours 
and apparently was not formed again. 
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UPON THE SIMILARITY AND DISSIMILARITY OF THE 
BEHAVIOUR OF CARDIAC AND SKELETAL MUSCLE 
WHEN BROUGHT INTO RELATION WITH SOLU- 
TIONS CONTAINING SODIUM, CALCIUM AND PO- 
TASSIUM SALTS. By SYDNEY RINGER, M_D., F.R.C.P., 
F.R.S., Holme Professor of Clinical Medicine in University College 
Hospital anv DUDLEY W. BUXTON, M_D., BS., M-R.C.P., 
Anesthetist in University College Hospital. 


THE experiments narrated in the present paper were undertaken 
with the view of testing the action of physiological doses of the salts of 
calcium, sodium and potassium upon skeletal muscle and to compare — 
such effect with that exercised by the same substances upon cardiac 
muscle. | 

With regard to the heart we have already shown the fullowing facts 
tobe true. When a simple saline solution (‘6 °/,) is circulated through the 
detached heart of the frog, the cardiac contractions rapidly grow weaker 
and in about 20 minutes’ contractility ceases. As the contractions lessen — 
in amplitude, diastolic dilatation becomes slightly delayed, and later a 
similar slight retardation in systolic contraction occurs. Also, when a 
salt of lime (the chloride or tribasic phosphate or other lime salt) is 
added to this saline, it enables the ventricle to contract, producing a 
trace with a rounded top and marked broadening, while diastolic dilata- 
tion is considerably delayed. When potassium chloride was added in a 
physiological dose to the circulating saline, it failed to sustain contrac- 
tion, the heart rapidly coming to a standstill in diastole. But when 
potassium chloride was introduced into a circulating fluid consisting of 
saline and phosphate or chloride of calcium, it antagonised, so far as to 
obviate the broadening, pointing the trace and slightly lessening its 


height while it abolished all delay in dilatation. Such a fluid will 


maintain normal beats for several hours provided the circulation be 
kept up. These phenomena we have shown to obtain alike for the 
heart of the frog, of the eel* and of the tortoise’. In explanation of the 


1 This Journal, rv. 1. 2 This Journal, vit, 1. 
3 Medical Record. New York, April 30, 1887. 


5 
ia 
‘dy 
¥ 
4 
| 
7 
4 
§ 
‘ 
a 
y 
a 
4 
a 
3 
% 
5 
pe 
of 


MUSCLE AND SALINE SOLUTIONS. 289 


above effects we have demonstrated that, while in the case of the frog 
the fluid must act directly by imbibition from the ventricular cavity, so 
in that of the eel and tortoise the method adopted effectually prevented 
the coronary circulation coming into play ; hence, in each instance, the 
heart was fed by imbibition from the fluid contained in its cavity. 
We further indicated that the intervention of the nervous system is 
probably absent, since when a heart is inhibited through the vagus its . 
muscular tissue is still fully susceptible to faradic stimulation, whereas 
when the ventricle is stayed by the perfusion of saline, or potassium 
chloride, the muscle no longer responds to strong shocks, although it 
recovers its excitability when a suitable fluid (i.e. one containing lime) 
is circulated through it. 

We find, as stated in a coun paper’, that solutions of the 
salts in question need to exert a certain pressure on the interior of 
the ventricle in order that they may influence the heart muscle in — 
the manner above mentioned. For, if the heart of a tortoise be 
immersed in saline, the aorta being attached by a pin to a loaded 
cork with a thread tied around the frenum which exists at its apex and 
secured to a recording lever, we found that although the contractions 
grew successively weaker they did so very slowly indeed. At the end 
of an hour and a half they were reduced to only a moiety of their 
initial size. We then removed the saline, replacing it by phosphate of 
calcium in saline, but failed to restore strength to the contractions, and 
additions of potassium chloride, bicarbonate of sodium were attended by 
similar failures. A subsequent attempt to restore normal contractions 
by perfusing phosphate of calcium saline circulating fluid (i.e. saline 
saturated with tribasic phosphate of calcium with 1°/, of a 1°/, solution 
of chloride of potassium) was unsuccessful. 

A difference thus marked in the behaviour of the heart muscle 
suggested that possibly facilities for diffusion, osmosis and filtration 
between the endocardial and pericardial surfaces might be in favour of 
the endocardium. This hypothesis seemed to be affirmed by an experi- 
_ ment in which we placed the heart of a tortoise, after longitudinal 
bisection, in saline solution, as in the case of the whole heart above 
mentioned. The initial beats were very strong but soon became 
weakened. After fifty minutes the saline was changed for phosphate of 
calcium circulating fluid, and as a result the contractions rapidly 
recovered their primary strength, A return to saline was followed by 


1 Medical Record. New York, No. 860, p. 482. 
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diminution in strength of beat, which was only in part obviated by 
substituting saturated solution of tribasic phosphate of calcium in saline 
solution containing 2°/, of a 1°/, solution of potassium chloride. 

_ We now pass on to the consideration of skeletal muscles, with which - 
we have already experimented by immersing them in solutions of salts’, 
arriving at the following results. The detached gastrocnemius of a frog 
was placed in the test fluid, which was changed thrice daily, and the 
muscle was tested with the faradic current. We found solutions of 
calcium salts in saline enabled the muscles to maintain contractility 


longer than saline plus sodium bicarbonate or potassium chloride. The 


line of experiment was subsequently varied in the following way. We 
placed the sartorius in the test solution after carefully severing its pelvic 
attachment and cutting off the bones above and below the knee. Con- 
tractions were frequently excited, the electrodes being applied to the 
lower end of the muscle, and graphic records were taken, and care was 
exercised that the muscle should be simply suspended and not stretched. 
In this way we tested the effects upon the immersed muscles produced 
by saline solution, lime and potash salts. 

In a ‘6°/, saline solution contractility persisted from an hour and a 
half to two hours; whereas the heart, perfused with a similar fluid, 
ceases to be contractile in a few minutes, while marked contraction | 
remainder (contracture) appears if the rapidity of the excitation 
be not too great. The addition of a lime salt does not restore or 
improve contractility, nor does it cause a prolongation of the beat or 
delay in relaxation. The addition of potassium chloride to the saline 
is found to strengthen contractions previously weakened by frequent 


excitations. In all these respects skeletal muscle contrasts with the 


results arrived at in experiments made upon perfused cardiac muscle. 

We found however that skeletal muscle agrees with cardiac muscle 
in the following points.— 

Lime salts, when added to the saline in which the muscle is 
suspended, are capable of sustaining contractility and are further 
antagonised by potash salts. 

In the present research a different method was adopted, the test 
fluid being circulated under pressure through the capillaries of the 
skeletal muscle. In this way the skeletal muscle was placed under 
similar conditions to the heart when perfused by test fluids through the 
ventricular cavity, as in the preceding experiments. We first applied 


1 This Journal, vu. 4. 
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this method to the tortoise’, inserting a cannula into the descending 


aorta, permitting an outflow through another cannula inserted into the 
abdominal vein. Saline circulated in this way took some time to remove 
all the blood from the vessels ; as soon, however, as this was accomplished 
the excitability to the faradic current rapidly diminished and had 
almost ceased in an hour and three-quarters. Upon replacing saline 
by phosphate of calcium saline’ a return of contractility took place. 

We then returned to saline, and again contractility disappeared, to be 
restored by returning to the phosphate of calcium saline; and this 
manceuvre was effected several times, always with the same result. 

Subsequently this subject was pursued by the employment of frogs 
instead of tortoises. A fine cannula was inserted and securely tied into 
the aorta just as that vessel leaves the ventricle, and the heart cut away 
so as to allow a free outflow of fluid from the venous sinus. The frog was 
placed upon its back and a free circulation maintained through, by 
raising the feeding vessel several inches above the frog board. The out- 
flow of fluid was led away from the part experimented upon so 
as to avoid the possible fallacy likely to arise if the part were bathed by — 
the circulating fluid after it had traversed the vascular system. Two — 
series of experiments were prosecuted, in one of which the muscles of the 
tongue were employed and in the other gastrocnemius. When the 
tongue was used, we secured the head, by a pin passed through the 
skull and carefully placed away from any large vessels; the tip of 
the tongue was then tied out of the mouth by thread to a recording 
lever. Electrodes were inserted, one (a pin) at the base and one (a 
slender hook) at the tip. The lever was capable of being weighted, and 
indeed was so weighted in some experiments, while it carried a writing — 
pen at its end for tracing the muscle curve contractions upon a blackened 
revolving cylinder. 

In the second series when we made use of the gastrocnemius we 
fixed the frog by its head, made a small skin incision over the tendon of 
the gastrocnemius, which we divided and securely tied by a thread to the 
lever. Fixed in this way the muscle travelled easily and was yet kept 
moist and maintained in free vascular communication with the general 
system. The electrodes were fixed one (the pin) in the knee and the 
other (the hook) in the ‘etinons end of the muscle. The lever was 
weighted. 


1 Medical Record. New York. April 30, 1887. 
2 Saline solution saturated with tribasic phosphate of calcium. 
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In every case it was easy to determine whether a thorough circulation 
was effected, for as soon as saline entered the extremities tin took 
place and marked cedema subsequently supervened. 

When a saline solution (‘6°/,) was perfused in the manner above 
described, so soon as the blood was washed out of the vessels the muscles 
of the tongue and extremities and, in some cases even those of the 
trunk, showed marked fibrillary contractions. On stimulation the 
whole muscle so excited contracted, but these contractions gradually grew 
weaker, ceasing in some instances after a few hours and persisting in 
others for twenty-four, though very much weakened. This took place 
even when the circulation through the muscles was found to be rapid. 

But when saline solution is perfused, besides the weakening which 
the contractions undergo, a difference in the form of the muscle curve is 
observed. While the rate of contraction is slowed the period of 
relaxation is often enormously prolonged; and these changes are constant 
until contractility has quite disappeared. In some experiments we 
found that soon after the commencement of perfusion the amount 


_of contraction, as shewn by the height of the trace, is greatly increased, 


although the strength of the excitation remained the same. Comparing 
numerous experiments we found that the length of time contractility 
persisted and the amount of delay in the period of relaxation to vary 
very considerably, and we believe this variation to be largely dependent — 
upon the condition of the frog. 

The perfusion of saline solution, then, affects the skeletal muscles 
in much the same manner as does immersion in saline solution. 


_ Fibrillary contractions occur in both cases, and also marked delay in _ 


relaxation. 

Compared with results obtained by perfusing saline solution through ~ 
the ventricle, perfusion through skeletal muscle contracts; for con- 
tractility in the last case persists much longer, relaxation is very much 
more delayed, while dilatation of the ventricle, as contraction grows 
weaker, is very little retarded. 

We are then led to enquire, are these differences betwixt cardiac 
and skeletal muscle due to a diversity in the molecule of the muscular 
tissue or to the different way in which the protoplasm of the contractile 
tissue is built up? We will in the first place restrict our remarks to 
the variation in the time during which contractility persists in these 
two kinds of muscular tissue. Skeletal muscles are very plentifully 
supplied with capillaries, and this circumstance might be supposed to 
indicate that they would allow their nutritive material and salts to be 
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washed out more readily than the trabecular structure of the ventricle 
would permit. The following considerations will however explain that 
such is probably not actually the case. The trabecule are, as a matter 
of fact, minutely subdivided up until the divisions are of microscopic 
size and the whole surface of these is bathed with the circulating fluid. 
Further, as the heart muscle has no sarcolemma, we think that salts and 
albumin would diffuse out more quickly from the trabecular structure 
than from that of skeletal muscle covered as each fibre is by its 
sarcolemma. Again, even the abundant surface for diffusion &c. offered 
by the capillary network in skeletal muscle does not equal that presented 
by trabecule, the most minute subdivisions of which are bathed with 
the circulating fluid. The sarcolemma covering the skeletal muscles 
would presumably be quite sufficient to prevent diffusion of the colloidal — 
matters, such as albumin &c. and this retention of albumin in the muscle 
would suffice to sustain contractility for a long time, for we have shown 
that serum when added to saline solution in even minute quantities has 
power to sustain ventricular contractility for a considerable time. The 
same holds good for dialysed serum, cardiac contractions being kept up 
for a lengthened period when the heart is fed with saline plus the 
dialysed serum. 

But although the contractility of cardiac muscle is thus sid iiinn, 
the character of the contraction is, as we have pointed out elsewhere, 
materially altered, dilatation being much delayed ; a trace of the muscle 
curve taken under these circumstances resembles very exactly the trace 
obtained from a heart fed with saline solution containing a lime salt. 
We find further that if the dialysed serum be incinerated the ash still — 
contains lime salts, so that dialysis fails to remove the lime which 
appears in combination with the molecule of albumin. Hence we are 
unable to say whether contractility of the ventricle is sustained by the 
serum or by the lime which is associated with it. It is however noticeable 
that the tracing which results from saline and a lime salt, like that 
obtained from saline and dialysed serum, is affected by a physiological 
quantity of a potassium salt, and in both instances the dilatation is 
accelerated and a normal trace produced. 3 
Although we are not able to say whether the salidencs of serum is 
due to the albumin it contains, or to the lime associated with it, the 
answer to this question does not really affect the matter which is under 
our immediate notice; we think that the sarcolemma by lessening 
diffusion checks the escape of albumin from the skeletal muscle, and by 
this we should explain how it is nad, when perfused with saline, skeletal 
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muscle retains its contractility so much longer than does cardiac sntinele 


when similarly treated. 

‘Now further, the muscle curve resulting from the contraction 
of skeletal muscle perfused with saline differs in form from that of 
cardiac muscle similarly treated. Relaxation in the case of skeletal 
muscle is very greatly retarded, while this is only slightly the case with 
cardiac muscle, This alteration in the curve of skeletal muscle resembles 
closely the trace derived from muscle exhausted by repeated excitations. 
The rate of contraction is somewhat slowed, while that of relaxation is 
enormously retarded. Indeed while the line of ascent is rendered more 
oblique, that of descent is made very much more so when compared 
with the normal tracing. In some experiments changes other and in — 
addition to those described above were found to develop after a time; 
thus in from ten minutes to half an hour after perfusion the amount of 
the curve rose considerably above the base line. This last slientenenes, 
however, we did not find to be constant. The curve described immedi- 
ately above resembles that obtained by the perfusion of veratria in 
solution. 

Perfusion of saline through the muscle produces, as indeed one 
would expect, exhaustion effects, sometimes giving rise to “irritable 
weakness,” that is, the excitations for a time produce a greater amount 
of contraction together with a retardation in relaxation. On the other 
hand, as is well known, cardiac muscle does not show fatigue effects like 
skeletal, and this would suggest that the protoplasm of these two 
varieties of muscle differs somewhat in its composition. 

We next made experiments in order to test what effect the 
introduction of .a lime salt in solution would have upon the curve 
derived from skeletal muscle weakened by perfusion of saline solution. 
We employed a saturated solution of phosphate of lime in saline to 
every hundred cc. of which one cc. of a one per cent. solution of 
chloride of calcium was added. In many experiments this addition 
strengthened the contraction, making the curve higher and accelerating 
both contraction and relaxation. These results in some respects corre- 
spond, but in others differ from what obtains when lime salts act on 
cardiac muscle, for in this case acceleration occurs while the amount of 
contraction is increased. But unlike skeletal muscle relaxation (dilata- 
tion) is delayed by a lime salt. This apparent contradiction can, we 

think, be readily explained, for it must be remembered that cardiac 
_ differs: from skeletal muscle, as we have pointed out, in that, no matter 
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how far exhaustion be carried, it does not produce delay of relaxation 
(dilatation) whereas exhaustion in skeletal muscle at once causes delay 
in relaxation. And, as we have above seen, saline solutions, by exhaustion, 
cause great delay in relaxation of skeletal muscle. Since, however, the 
addition of a lime salt improves the condition of the muscle and enables 
it to contract better, contraction and relaxation are accelerated while 
the amount of contraction is actually increased. 

The extent to which recovery occurred after the addition of a lime 
salt varied greatly in different experiments. We found that where the 
effect of saline showed itself soon, and the lime salt was thrown into the 
circulation early and before much oedema had developed, recovery was 
marked; where however cedema was extensive, recovery was delayed— 
often not appearing till after the lapse of many hours. In such cases” 
the slow and slight improvement was doubtless accounted for by the 
cedema. For, in cedematous tissues the circulation becomes more and 
more obstructed, hence, lime salts reach the capillaries more slowly, 
these being almost closed by pressure. 
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_FIBRILLAR CONTRACTION OF THE HEART. By JOHN 


A. McWILLIAM, M.D., Professor of the Institutes of Medicine 
in the University of Aberdeen. 


MAny years ago Ludwig and Hoffa’ showed that the application 
of strong constant currents or faradic currents to the ventricles of the 
dog’s heart causes an abolition of the normal beat. The ventricular 
muscle is thrown into a state of irregular arhythmic contraction, whilst 
there is a great fall in the arterial blood pressure. The ventricles 
become dilated with blood as the rapid quivering movement of their 
walls is insufficient to expel their contents; the muscular action 
partakes of the nature of a rapid incoordinated twitching of the 
muscular tissue. This condition persists for a very long time in the 
dog, and as Ludwig showed, it is possible to kill an animal in this 
way—by applying a faradic current to the ventricles. The auricles go on 
beating rhythmically ; they do not participate in the irregular movement 
excited in the ventricles. These phenomena are familiar to all who have 
worked much with the mammalian heart; they have been designated 
by various names—Herz-delirium, Delirium cordis, Fibrillar contraction, 
Intervermiform movement, &c. 

During the last two years I have performed a large number of 
experiments bearing upon this subject. My earlier investigations were 
pursued in the Physiological Laboratory of University College, London, 
and the more recent ones in the Physiological Laboratory of the — 
University of Aberdeen. I have studied the phenomena in question in 
the hearts of the dog, cat, rabbit, rat, mouse, hedgehog and fowl ; both 
in the young animal and in the adult, 

The experiments were all conducted on completely anaesthetised 
animals; artificial respiration was carried on, a cannula being inserted 
in the trachea; the thorax was opened in many cases and the heart laid 
bare; the temperature of the animal was kept up by means of a warm 


pan. 


1 Zeitschrift f. rat. Medicin, 1850, vol. rx. 
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FIBRILLAR CONTRACTION OF HEART. 297 
I shall briefly state the main facts in my investigation. 


I. The state of arhythmic fibrillar contraction is essenti- 
ally due to certain changes occurring within the ventricles 
themselves. It is not due to the passage of any abnormal 
nerve impulses to the ventricles from other parts, or to the 
interruption of any impulses normally transmitted to the 
ventricles and necessary for their normal co-ordinated action. . 
The condition is not due to injury or irritation of the nerves 
that pass over the ventricles from the base of the heart. 

The ventricles contain within themselves the entire mechanism 
necessary for the execution of regular co-ordinated beats. They are 
not dependent for this power on any nervous or mechanical connection 
with other parts. The continuity of the nerves that pass from the 
auricles to the ventricles is not at all essential for the execution of 
regular and effective beats by the ventricles; nor is the mechanical 
connection between those parts necessary. This is obvious from the 
fact that when a section is made through the auriculo-ventricular 
groove so as to separate the ventricles entirely from the auricles, the 
isolated ventricles can still exhibit their co-ordinated rhythmic contrac- 
tion. Instead of cutting off the ventricles Wooldridge‘ and Tigerstedt* 
physiologically disconnected the ventricles from the auricles so as to 
destroy all vital connection between them while the parts were still 
kept in situ and the flow of blood through the cavities of the heart was 
allowed to go on; the ventricles went on beating in regular fashion 
though at a slower rate than before. I have frequently performed a 
similar experiment and have watched the ventricular action as it went 
on, strong and regular for prolonged periods. It is evident that neither 
the nervous, nor the mechanical connection between the auricles and 
the ventricles is necessary for the effective contraction of the latter. It 
is clear that a mere solution of the continuity of the nerves passing to 
the ventricles does not destroy the character of the ventricular beat ; 
and it is plain, that such a solution of continuity cannot be the cause of 
a sudden replacement of the normal systole by the arhythmic fibrillar 
form of contraction. 

Nor is the fibrillar contraction due to irritation of those ventricular 
nerve trunks, Many observers have noticed its occurrence when the 
nerve trunks on the surface of the ventricles were being stimulated. 
But such results appear to be due entirely to an escape of the exciting 


1 Arch. f. Anat. u. Physiol. 1883. 2 Arch. f. Anat. uw. Physiol. 1884, 
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current to the underlying ventricular substance. For when the nerve-_ 
trunk is isolated for some little distance and precautions are taken to 
prevent an escape of the current, I have never found the nerve 
stimulation to have any effect at all in inducing the fibrillar contraction. 
Moreover, an interrupted current readily brings about the arhythmic 
fibrillar condition when applied to regions of the ventricles where there 
are no nerve-trunks, e.g. to the very apex of the heart. Even mechanical 
or thermal stimulation applied to this region may lead to the same 
result, 

The arhythmic fibrillar contraction is undoubtedly a phenomenon 
depending on changes within the ventricular substance; it can occur 
quite independently of any mechanical relation of the ventricles to the 
rest of the heart, and of any nervous relation of the ventricles to the 
rest of the heart or to the extra-cardiac nerves. The isolated ventricles 
whether in the quiescent state or beating rhythmically, can by the 
application of faradic currents be readily thrown into the characteristic 
fibrillar state, just like the ventricles of an intact heart. And in the 
intact heart the fibrillar contraction appears to be entirely uninfluenced 
by nerve excitation of any kind; stimulation of the vagus or any other 
nerve appears to produce no effect whatever, 

Further, the fibrillar contraction can be propagated from one part 
of the ventricular substance to another quite independently of the 
nerve-trunks, For if a number of overlapping incisions be made across 
the long diameter of the ventricles so as to leave the apex attached to 
the rest of the ventricles by a zig-zag isthmus of tissue, it often occurs 
that fibrillar movement excited by faradisation in the apex travels along 
the zig-zag isthmus of connecting substance, and so comes to pervade 
the whole of the ventricular tissue. 


II. The arhythmic fibrillar contraction is not necessarily 
dependent on the destruction or paralysis of a co- -ordinating 
centre located in any particular part of the ventricles. 

Kronecker and Schmey' succeeded in throwing the ventricles of 
the dog’s heart into the state of fibrillar movement by piercing with a 
needle a certain limited part of the ventricular septum near the 
junction of its upper and middle thirds. This result these investigators 
attributed to the destruction of a centre located in that region, and 
normally presiding over the co ordination of the ventricular muscle in 
the execution of its regular beat. 


1 Sitzungsber. d, Berliner Acad. 1884, 
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There is conclusive evidence that all cases of fibrillar contraction of 
the ventricles cannot be explained by such a hypothesis—the destruction 
of a co-ordinating centre localised as indicated above. The fact that 
recovery may take place—that the ventricles may resume their 
co-ordinated rhythm, controverts the idea of the actual destruction of 
a centre essential for co-ordination. Such recovery I have witnessed 
in several instances in the dog’s heart, and in a very large number of 
instances in the hearts of other animals (cat, rabbit, rat, mouse, hedgehog 
and fowl). Recovery occurs with different degrees of facility in different 
animals and in different conditions in the same animal. In the dog, 
recovery occurs with much difficulty and only after the fibrillar 
contraction has lasted for a considerable space of time; indeed there 
very frequently is no recovery apparent—the ventricles may not 
recommence beating after the inco-ordinated quivering movement has 
ceased. At times however a number of regular beats are seen after the 
termination of the fibrillar contraction. A depression of the excitability 
of the ventricular tissue often appears to favour recovery. 

In most mammals recovery commonly oecurs. Very often it is possible 
to induce the fibrillar movement again and again, complete recovery 
occurring in the intervals, when the normal systoles are seen. In young 
mammals, foetal or after birth, recovery appears to be the rule; the 
fibrillar movement is only a temporary condition, and soon gives 
place to normal beats. | 

In birds also I have frequently observed complete recovery. The 
fibrillar condition is readily induced by faradisation. The ventricles 
exhibit the characteristic quivering movement; they become dilated 
with blood. In consequence of the stagnation of blood in the ventricles 
the auricles also become gorged and may become so over-distended that 
they temporarily stop beating; asphyxial convulsions occur in the © 
skeletal muscles. After a time however the fibrillar movement ceases, 
the ventricles remain quiescent for a little time, then give a regular 
co-ordinated beat and the action of the whole heart proceeds in the 
normal fashion. These phenomena can by the application of a current 
of the proper strength be induced again and again. 

Further, in addition to the evidence afforded by the recovery of the 
ventricular beat, there is the fact that the arhythmic fibrillar movement 
may very readily be induced by means that are not capable of destroying 
a deep-seated co-ordinating centre e.g., faradic, mechanical, or thermal 
stimulation of the surface of the ventricles even at the very apex. 

ince it is certain that the arhythmic fibrillar movement is not 
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necessarily due to the actual destruction of a co-ordinating centre, 
there next arises the question as to whether the fibrillar contraction 


may be due to the temporary paralysis of such a centre as that 


indicated by Kronecker—of the existence of which no histological 
evidence has, as far as I am aware, been advanced. 

I shall at a later stage of this paper have to adduce some evidence 
regarding the action of certain poisons which when injected into the 
blood lead to the occurrence of fibrillar contraction of the ventricles. 
Such a result might be regarded as due to the paralysis of a hypo- 
thetical co-ordinating centre. And-the fibrillar contraction caused by 
stimulation (electrical, mechanical &c.) of the ventricular surface might — 
be explained in a somewhat similar fashion. For it is conceivable that 
such stimulation might give rise to strong abnormal afferent impulses 
with the result of deranging or paralysing the action of the co-ordinating 
centre ; the paralysis might be a temporary one.er might be permanent 
according to the particular circumstances ja each case. 

But there is strong evidence against the adoption of such a view— 
against the idea that the phenomena are due to the behaviour of a 
definite co-ordinating centre localised above the middle of the ventri- 
cular septum in the dog’s heart. For the influence of such a centre 
does not appear to be at all essential for the production of co-ordinated 
and efficient beats. The amputated apex—the lower third or fourth of 
the ventricles—both in the dog and in all other mammals I have 
examined,—is capable of executing co-ordinated beats when it is 
entirely removed from all possible relation with any co-ordinating 
centre high up in the ventricular septum. This one can verify by the 
rough but conclusive experiment of tying the freshly removed apex 
of a vigorous heart upon a double cannula through which the cavity 
of the left ventricle can be filled with blood; the propulsion of fluid 


at each beat of the isolated apex can be readily observed. The visible 


character of the beat may also be noted, and the co-ordinated nature 
of the contraction causing a marked diminution of the cavity at each 
systole may be felt with the finger tip inserted into the cavity of the 
left ventricle. It is obvious then that the paralysis of a co-ordinating 


_ centre in the upper half of the ventricular septum would not necessarily 


cause a loss of co-ordination in the contraction of the whole of the 
ventricular muscle. 
Further there is the fact that the apical portion of the ventricles— 
capable as it is of performing regular beats—can be thrown into a state 
of fibrillar contraction by the usual means, e.g. the application of a 
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faradic current. In the isolated apical part of the ventricles (in all the 
mammals I have examined) I have been able to excite the fibrillar 
- eontraction again and again, recovery occurring in the intervals, and 
co-ordinated beats being given in response to single stimuli applied 
during those intervals. It appears then that the behaviour of the 
intact ventricles and of the entire isolated ventricles both as regards 
co-ordinated single beats and as regards the fibrillar contraction can be 
reproduced in the isolated apical portion; and hence we may conclude 
that these phenomena are not necessarily dependent on the condition 
of any co-ordinating centre in the upper half of the ventricles, 


III. The outstanding features of the arhythmic fibrillar 
contraction are :— 

(1) The complexity of the movement. 

(2) Its persistence. 

(3) rapidity. | 

The complexity of the fibrillar movement appears to be 
in direct relation to the complex arrangement of the muscular 
fibres of the ventricular walls. 

In the ventricles we have bundles of muscular fibres forming by 
their interlacement a texture of remarkable complexity. It appears 
that the complex quivering movement depends on the passage of 
rapidly repeated waves of contraction along the complexly arranged 
muscular bundles which are enclosed by connective tissue and joined to 
one another by cross-branches. It is readily conceivable that con- 
tractions simply conducted along the muscular fibres should be trans- 
mitted with unequal rapidity along the ventricular walls and should 
reach the same part of the ventricular wall at different points of time. 
Some bundles of fibres are in a state of contraction while neighbouring 
bundles are relaxed and so instead of a co-ordinated contraction causing 
a definite and (in the case of the left ventricle) concentric narrowing 
of the ventricular cavity, there occurs an irregular and complicated 
arhythmic oscillation of the veataiouint walls which remain in a 
_ position of diastole. 

That the complexity of the fibrillar movement in the grown animal 
depends on the character of the muscular structure is illustrated by the 
appearances presented by the corresponding movement in the hearts of 
foetal and young animals. In these as long as the structure of the 
ventricles is simple the rapid movement excited by faradization is of a 
simple character. And just as the complexity of the muscular structure 
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increases in the growing animal so does the complexity of the movement 
obtained. There can be observed a complete gradation from the simple 
movement excited by faradisation in the ventricles of the mammalian 
foetus or of the chick (a movement much resembling that seen in 
similar circumstances in the comparatively simple ventricles of cold 
blooded animals) to the very characteristic and striking complexity of 
the fibrillar contraction in the adult mammal or bird. It is obvious 
that the nature of the muscular structure is a cardinal feature, and it is 
not very evident why such should be the case if the condition is due to 
derangement of a nervous mechanism causing it to discharge irregularly; — 
for a deranged nervous mechanism discharging irregularly might 
cause an equally irregular movement whether the muscular arrange- — 
ment is simple or complex, 

The simpler character of the movement excited by faradisation in 
the auricles of warm-blooded animals is probably due to the simpler 
histological structure of the auricular walls and the simpler mode of 
propagation of the normal contraction. 

The persistence ofthe fibrillar contraction appears to 
depend on the high excitability of the ventricular tissue. 

When the fibrillar contraction has been brought about by stimula- 
tion of the ventricles, the prolonged continuance of the movement, after 
the cessation of the exciting cause is a striking feature. It appears to be 
a result of the excitation of a highly excitable, and probably highly 
rhythmic tissue. The duration of the movement, varies in each instance 
with the excitability of the ventricular muscle. It can easily be shown, 


_ that in certain depressed conditions of the ventricular tissue, the dura- 


tion of the fibrillar movement, induced by stimulation is much dimi- 
nished, and when the ventricular excitability is very much lowered, (by 
gradual cooling, exhaustion etc.) it frequently occurs that the fibrillar — 
contraction does not persist after the stimulating current is discontinued ; 
it simply occurs during the passage of faradic current and passes off at 
the cessation of that current. Indeed, in some instances it may be found 
that the fibrillar contraction cannot be excited at all by faradisation, 
whilst the ventricles are still capable of executing single beats. A cer- 


tain degree of excitability is necessary for the production of the fibrillar 


contraction in response to stimulation. 

Similar facts with reference to the duration of movement, after the 
discontinuance of the exciting cause, may be seen in the hearts of cold- 
blooded animals, In the heart of the eel, for example, where there are 
a number of parts possessed of different degrees of excitability and 
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rhythmic power, very marked differences are to be observed in the 
behaviour of the several parts after a stimulating current has been 
temporarily applied. The sinus with the basal wall, and the canalis 
auricularis, the auricle and the ventricle, form a descending series as far 
as rhythmic power is concerned, and they present similar differences as 
regards the after effects of stimulation. In the ventricle a short period 
_ of moderate stimulation excites a movement, which usually terminates 
immediately or very soon after the end of the stimulation ; the precise 
period at which the movement terminates, varies according to the 
strength of the exciting current and the excitability of the ventricle ; 
in a very excitable ventricle (in situ with the normal circulation intact) 
the movement may persist for some little time after the stimulation has 
ended. In the auricle the movement usually persists longer, and in the 
sinus a great deal longer still. Indeed, in the sinus a single stimu- 
lation can often lead to a series of beats, whereas in the case of the 
auricle, and still more in the ventricle a single stimulation excites but 
asingle contraction. Moderate heating of the tissue causing a rise in 
its excitability usually leads to a marked increase in the persistence of 
the movement excited by a short period of stimulation. 

Similarly in the mammalian heart the duration of the fibrillar 
movement after the end of the period of excitation varies. In the 
foetal heart it lasts but a short time, and in adult hearts that have been 
much depressed by exhaustion and by gradual cooling the fibrillar 
movement usually passes away very much earlier than it does in a more 
excitable heart. 

The mechanism of the movement; as will be subsequently stated, 
appears to be such as to involve its continuance as long as the exci- 
tability of the ventricular tissue is sufficiently high. 

The cause of the great rapidity of the series of contractions that 
course over the ventricular fibres during the state of fibrillar contrac- 
tion will be considered later on. 


IV. The arhythmic fibrillar contraction is in one class 
of cases a phenomenon of irritation induced by the action 
of various recognised stimulants. 

_ The state of excitement generated in the muscular tissue appears to 
resemble in some respects the state of excitement obtaining in the 
nerve cells of the cortex cerebri during an attack of =, con- 
- vulsions induced by strong stimulation. 

It has been stated that the duration of the fibrillar contraction 
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depends on the excitability of the ventricular tissue. In like manner the 
readiness with which the fibrillar contraction can be excited hy stimu- 
lation, is in close relation with the ventricular irritability. In a de- 
pressed heart it is frequently very difficult to produce the phenomenon 
in question by stimulation; very powerful currents are necessary. 

On the other hand when the excitability is heightened, it is easy to 
induce the fibrillar contraction. The occurrence of this phenomenon in 
response to stimulation is retarded and its duration shortened by con- 
ditions that depress the excitability of the cardiac muscle ; its occurrence 
is favoured and its duration prolonged by causes that augment the 
cardiac irritability. In an exhausted heart it can frequently be seen 
that faradisation of the right ventricle leads to the occurrence of the 
fibrillar contraction in both ventricles, when such a result has ceased to 
be obtained by faradisation of the left ventricle. The difference in the 
behaviour of the ventricles, in this respect appears to be due to the 
greater persistence of the excitability in the right ventricle as com- 
pared with the left. 

When the fibrillar contraction has been excited by Sepituion it 
can often be arrested by the cautious application of depressant measures 
calculated to diminish the excitability of the ventricular tissue, e. g. «le- 
privation of blood supply and cooling. 

_The readiness with which the ventricles are thrown into the fibrillar 
condition varies remarkably in different conditions of the cardiac tissues. 
In a normally-contracting and vigorous heart it usually requires a 
faradic current of considerable strength to produce the result in question. 
And it is not easy in these circumstances to induce the fibrillar 
contraction by mechanical or thermal stimulation. But in certain 
changed conditions of the organ it becomes extremely easy to throw the 
ventricles into the fibrillar movement. An exceedingly weak faradic 
eurrent, a touch with a hot wire, a mere scratch with the point of a pin, 
slight friction of the ventricles against the cut end of a rib, or even 
slight pressure with the finger, are each of them sufficient at such times 
to excite the fibrillar contraction. The precise conditions in which 
there is such a remarkable sensitiveness to certain forms of stimulation 
are difficult to define; I have frequently observed such a sensitiveness 
when the action of the heart has been deranged or impaired by various 
causes—among others by a temporary arrest of the respiration or by a 
great fall in the blood-pressure leading to anaemia of the cardiac tissues 
&c.; the phase of increased sensitiveness seems to be a transitory one. 
The frequent occurrence in the ventricles of such phases of extreme 
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readiness to assume the fibrillar form of contraction appears to me to be 
of great importance with regard to the question of electrical stimulation 
of the heart in man during sudden cardiac failure (syncope during the 
administration of anaesthetics, &.). It is obvious that the use of 
faradic currents of any strength is attended with grave danger in such 
cases. For although Von Ziemssen and others have applied the 
induced current to the human heart without any serious results, the 
conditions were different in such cases. They experimented with 
normally-beating hearts, the tendency of which to assume the fibrillar 
form of contraction is strikingly less than what frequently obtains in 
hearts placed in abnormal circumstances—necessarily present in those 
cases where the faradic current is employed clinically. 
But although the exposed heart in the opened thorax may be 
readily thrown into the arhythmic fibrillar contraction by faradisation, 
it may be urged that possibly the normally-beating heart in the intact 
thorax, is not similarly affected. I have on several occasions introduced 
a fine platinum wire electrode through the chest wall so as to come in 
contact with the ventricles, and have then faradised, the other electrode 
being applied to the outside of the chest wall; the fibrillar contraction © 
was at once induced, | 

By the use of single induction shocks I have never seen the 
fibrillar contraction excited either when the shock is passed through 
the thoracic walls or when it is applied to the exposed heart. The 
single induction shock seems to be free from the dangers accompanying 
the use of the faradic current. Hence I have urged its superiority as a 
means of cardiac stimulation, in a paper to be read at the Ninth Inter- 
national Medical Congress at Washington. | 

The extreme readiness with which in certain circumstances the 
ventricles are thrown into the fibrillar contraction by any form of 
irritation, mechanical as well as electrical, renders it apparent that the 
experiment of puncturing the heart in order to destroy a certain part is 
attended with many difficulties. For very frequently the mere mechanical 
irritation would be amply sufficient to produce all the phenomena usually 
_ resulting from faradisation. And this condition of increased sensitive- 
ness to irritation and increased tendency to assume the fibrillar mode of 
contraction appears to occur with special frequency and to a very 
marked degree in the heart of the dog. | 

V. In another class of cases the fibrillar contraction is 
induced by the more or less sudden action of certain influences 
of a depressing nature. 
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The injection of certain salts (e.g. bromide of potassium in strong 
solution) into the blood appears to induce the fibrillar condition in a 
very short space of time (frequently within one minute). A dose of - 
about 0°1 gramme is sufficient in the hedgehog. | 

When such an injection is made (cat and hedgehog) there is almost 
immediately a marked change in the character of the systole. The origin 
and course of the contraction become very apparent both in the auricles 
and in the ventricles. In the former it passes forwards from the entrance 
of the great veins; in the latter it sweeps from the base of the heart 
towards the apex; on the front of the heart the contraction can be most 
distinctly seen beginning at the conus arteriosus and passing downwards. — 
The ventricles become dilated with blood; the contractions are evidently 
unable to empty the cavities. When the heart is in a depressed state 
no further important change may be observed; the contractions gradually 
become weaker and slower until they cease altogether. But in the case 
of a vigorous heart there usually occurs a striking change—a short 
time after the injection of the bromide. The ventricles go into the 
state of fibrillar contraction with its usual features. 

I have not as yet seen any complete recovery from the incoordinated 


. condition produced in this way. The ventricles do not seem to recover 


their power of giving regular beats. Single contractions may occur 
after the rapid quivering movement has ceased but they appear to be 
fibrillar in their nature. And any contractions excited by single induc- 
tion shocks in such circumstances appear to be of the same character. 
After the injection of a solution of atropin I have observed some- 
what similar phenomena; here however the fibrillar movement was 


arrested by the injection of pilocarpin, and complete recovery of the 


ventricular beat took place. 

I have on some occasions observed phenomena of the same kind 
when an animal (cat) was suddenly and powerfully cooled by the appli- 
cation of a mixture of ice and salt to the surface of the skin and the 
insertion of an ice bag into the abdominal cavity. After the cooling 
had gone on for a time, the ventricles suddenly passed into the state of — 
fibrillar contraction. | 

See and others have described the occurrence of a similar fibrillar 
movement in the dog’s ventricles as one of the results of sudden 
occlusion of the coronary arteries. 


VI. The arhythmic fibrillar contraction is fundamentally 
different from a rapid series of normal contractions. Its 
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genesis probably assumes in all cases one or other of two 
forms. | 

It is probable that the normally contracting ventricles possess 
within themselves certain co-ordinating arrangements in virtue of 
which the muscular contraction constituting a normal beat rapidly 
traverses the whole of the ventricular substances, causing a uniform or 
nearly uniform contraction of all the fibres of the ventricular walls thus 
leading to a concentric narrowing of the ventricular cavity and a conse- 
quent expulsion of its contents. The co-ordinating arrangements 
appear to exist in the lower portion of the ventricles as well as in the 
upper portion; for it has been seen that the apical part can execute 
co-ordinated beats when severed from the rest of the heart. 

A normal co-ordinated contraction appears to be essentially different 
from the individual beats that may be seen after poisoning with 
bromide of potassium and occasionally in other conditions. In the 
latter case the contraction is obviously of a peristaltic nature; the con- 
traction wave can be seen passing over the ventricular surface in 
definite directions. The contraction may be caused to start at any 
part in the ventricular substance by the application of a single direct 
stimulus; the contraction begins in the stimulated area and hence 
spreads over the rest of the ventricles; a phenomenon precisely similar 
to what one sees in the hearts of cold-blooded animals. 

The peristaltic contraction evidently passes over the various 
interlacing bundles at different points of time, so that the whole 
thickness of the ventricular wall at any part: is never uniformly 
contracted. Hence there is a wiry feel distinctly perceptible when the 
ventricles are held between the fingers as the peristaltic contraction is 
passing through its substance; certain fibres are hardened by. the 
presence of contraction in them while neighbouring fibres are relaxed and 
soft. Such peristaltic contraction appears to be incapable of emptying 
the ventricular cavities of their contents; it appears to be essentially 
different from a co-ordinated beat however slow the latter may be. A 
co-ordinated beat never presents a wiry feel to the finger; it gives the 

sensation of a steady and uniform hardening of the muscle substance— 
_ of precisely the same nature as the hardening one feels in a skeletal 
muscle during its contraction. The contraction seeems to involve as a 
whole the complicated interlacement of fibres forming the ventricular 
wall. 

It appears then that the ventricles are capable of executing two 
forms of beat. One is the co-ordinated contraction seen in the normal 
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heart and capable of being excited by artificial stimulation (e.g. by 
single induction shocks) either in an intact heart, or in the fresh and 
vigorous excised ventricles or ventricle-apex. The other form of beat is 
the inco-ordinated or simple peristaltic contraction, such as may be 
seen after ee with bromide of potassium and in certain other 
conditions. 


VIL. The state of arhythmic fibrillar contraction (delirium 
cordis &c.) appears to be constituted by a rapid succession 
of inco-ordinated peristaltic contractions—a condition that 
can be brought about either (1) by the influence of certain 
depressing or paralysing agents upon the ventricular tissue, 
or (2) by the application of certain forms of stimulation to 
the ventricular tissue. 

In the first class of cases the inetd influences alluded to 
probably throw out of gear the co-ordinating arrangements while they 
leave the muscular irritability intact—or it may be even augmented 
largely. Then the excitable (and probably highly rhythmic) muscle 
contracts, but its excitation instead of assuming the form of a normal 
beat’ becomes a peristaltic contraction wave along the complexly 
arranged and inter-communicating muscular bundles, And if the 
ventricular muscle is in an excitable state there would naturally occur a 
rapid series of such inco-ordinated peristaltic contractions. For apart 
from the possibility of rapid spontaneous discharges of energy by the 
muscular fibres, there seems to be another probable cause of continued 
and rapid movement. The peristaltic contraction travelling along 
such a structure as that of the ventricular wall must reach adjacent 
muscle bundles at different points of time, and since these bundles are 
connected with one another by anastomosing branches the contraction 
would naturally be propagated from one contracting fibre to another 
over which the contraction wave had already passed. Hence if the 
fibres are sufficiently excitable and ready to respond to contraction waves 
reaching them there would evidently be a more or less rapid series of 
contractions in each muscular bundle in consequence of the successive 
contraction waves reaching that bundle from different directions along 
its fibres of anastomosis with other bundles. Hence the movement 
would tend to go on until the excitability of the muscular tissue had 
been lowered, so that it failed to respond with a rapid series of con- 
tractions. Then there might be some isolated peristaltic contractions, 
such as I have often seen after the cessation of the fibrillar movement. 
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In the second class of cases—when the fibrillar contraction is 
excited by stimulation (e. g. faradisation of the surface of the ventricles) 
there appears to be a condition of violent excitement set up in the 
muscular tissue. The excitation of the muscular fibres travels peri- 
staltically producing the characteristic movement; the inco-ordinated 
contraction of the various fibres may be most distinotly realised when 
the ventricles are held between the forefinger and thumb; there is a 
sort of wriggling sensation to be felt as the individual ‘iusvules bundles 
become hard and wiry while the contraction is passing over them in suc- 
cession, The co-ordinating arrangements of the ventricles are powerless 
to regulate and guide the contractions; those co-ordinating arrangements 
are very possibly not paralysed nor rendered incapable of action, but 
they are temporarily superseded and rendered inoperative by the ex- 
cessive state of excitement which pervades the muscular fibres—just as 
the cerebro-spinal' co-ordinating mechanism might be rendered impotent 
by strong local stimulation of the skeletal muscles. When the fibrillar 
movement having become less rapid has at length stopped its duration 
depending on the excitability of the muscle—there ensues a pause. 

Then there may be a recovery of the normal co-ordinated beat pro- 
_ vided the fibrillar condition (and consequent blood stasis) has not lasted 
so long as to involve a paralysis or death of the co-ordinating mechanism. 

When the last mentioned change has taken ie any beats that dna 
— occur are of the fibrillar character. : 


VII. The phenomena resulting from faradic stimulation 
of the auricles differ in various respects from those seen 
in the ventricles. 

The application of the current sets the auricles into a rapid flutter, 
the rapidity of which largely depends upon the excitability of the 
auricular tissue and the strength of current employed. The movements 
are regular ; they seem to consist of a series of contractions originating 
in the stimulated area and thence spreading over the rest of the tissue. 
The movement does not show any distinct sign of inco-ordination ; it 
looks like a rapid series of contraction waves passing over the auricular 
walls, The difference between this appearance and that seen in the 
ventricles probably depends on the simpler structure and arrangements 
obtaining in the auricles, 

The persistence of the movement after the discontinuance of the 
stimulating current varies according to the excitability of the auricular 
tissue and strength of current employed. In very excitable conditions 


PH. VIIL 22 


> 
@ 
G 
ag 
% 
33 
“a 
AY 
EY? 
“4 
4 
» 
4 
legal 


810 J. A. MAC WILLIAM. 


the rapid movement lasts for a considerable time ; in depressed states the 
movement ceases almost immediately after the stimulation has ended. 
The persistence after the use of a strong current is, ceteris paribus, usually 


_ very much greater than when a weak ee has been employed to 


excite the fluttering action, 


IX. The movementsexcited by faradisation in the auricles 


and ventricles differ very markedly in their relation to the 


inhibitory influence of the vagus nerve. The fibrillar move- 
ment in the ventricles appears to be entirely unaffected by 


_ vagus stimulation; the fluttering movement of the auricles 


can be checked or arrested by the influence of the vagus. 

Sometimes, when the auricles are very excitable the fluttering move- 
ment is entirely suspended during vagus stimulation only to reappear 
when the inhibitory influence has passed away. The vagus influence 
appears to act by weakening the individual contractions to the point of 
invisibility. At other times the contractions are markedly weakened 
without being rendered invisible. Often the movement is entirely 
arrested and does not recur; the normal action of the auricles goes on 
after the period of selon has passed. 

The relation of the vagus nerve to the auricular muscle seems a to be 
entirely asec from the relation of that nerve to the ventricular 
muscle. 
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THE EFFECT OF PURE ALCOHOL ON THE REACTION 
TIME, WITH A DESCRIPTION OF A NEW CHRONO- 
SCOPE. By JOSEPH W. WARREN, M.D., Instructor in 
Physiology in the Medical School of Harvard University. 


THE experiments which I shall report in this paper were undertaken _ 
with a view of determining the part played by pure alcohol in the 
changes of the reaction time under the influence of wine which the 
researches of Exner’ and those of Von Vintschgau and Dietl* had | 
already made known to us. A similar investigation has been carried on 
by Kraepelin® but it was recorded in Wundt’s “ Philosophische 
Studien,” which I am not in the habit of seeing, so that I unfortunately . 
did not know of his work until my own observations had been 
completed. As the method I have employed differs somewhat from 
those of my predecessors I venture to hope that my results may prove 
to be not altogether uninteresting. 

The immediate occasion of this research was the invention by 
Prof. Henry P. Bowditch of a new and very convenient apparatus 
for measuring short intervals of time—and its construction in the work- 
shop of the Physiological Laboratory of the Harvard Medical School. I 
happened just then to be particularly interested in the physiological 
action of alcohol and thought it an excellent opportunity to use the 
new appliance for recording reaction times, This apparatus has not yet 
been described in print and I am permitted to explain its construction 
and working here. It grew out of an effort to adapt the record of a 
vibrating tuning fork to the registration of very brief periods of time, 
As the earlier form of the apparatus had some resemblance (although 
remote and independent) to one proposed several years ago by Exner* 


1 §. Exner: “Experimentelle Untersuchung der einfachsten psychischen Processe.” 
Pfliiger’s Archiv f. a. ges. Physiol. vu. 601. 

2M. J. Diet! u. M. von Vintschgau: ‘Das Verhalten der physiologischen Reac- 
tionszeit unter dem Einflus von Morphium, Caffée und Wein.” Pfliiger’s Arch. xvi. 316. 

’ KE. Kraepelin: “Ueber die Einwirkung einiger medicamentéser Stoffe auf die 
Dauer einfacher psychischer Vorginge—Zweite Abtheilung: Ueber die Einwirkung von 
Aethylalkohol.” Wundt’s Philos, Studien Bd. 1. 573, 

* Exner: op. cit. p. 643, 659. 
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I have adopted his name for this instrument and propose to call it the 
Bowditch Neuramoebimeter® (or nerve-reply-measurer) although its 
application will be seen to be much more general than the name would 
imply. 

The details of structure are easily made out by an examination of 
the photographic reduction in Figure 1. It will at once be seen that 


Fra. 1. 


the apparatus not only has the advantage of convenience and great 
simplicity, as compared with most chronoscopic appliances, but also has 
the special merit that its expensive portions are three independent 
instruments which every well-equipped laboratory should possess for 
ordinary work and which can at any time be detached for use in other 
ways. 

These three instruments are: 1. The standard tuning fork (F); 
2. The delicate recording magnet of Depréz (M); 3. The adjustable 
holder (H,H’) which in some form is almost indispensable for work with 
Marey’s drums or similar recorders. ‘The tuning fork carries on one 
arm a little brass plate whose edges are turned up to hold a strip of 


5 Netpov—ayorf} (a return, answer)—yérpow—Exner had made this instrument to 
meet the special requirements of an investigation which Obersteiner wished to undertake 
with insane persons. In the report of this work* an instrument is pictured which is 
practically the same as the one described by Exner. Obersteiner prefers to call 
it a Psychodometer. This seems an unprofitable reduplication of names, 

* H. Obersteiner, jr.—* Ueber eine neue einfache Methode zur Bestimmung der psychischen Leistungs 
fahigkeit des Gehirnes Geisteskranker. Archiv fir pathol. Anat. 1874, lix. 427. 
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smoked cardboard (115 x 28 mm.) the other arm being balanced by 
another brass plate which is held in place by a screw clamp*®. The fork 
is attached in the usual manner to a wooden carriage which slides in 
grooves on the larger base board. This board has an upright block at 
the end, held in place by a large screw which permits some movement 
for adjustment. In the centre of the block is an elliptical plug (P) or 
spreader which can be set by a rod at the back. This plug is so placed 
as to allow the fork to be pushed up to the head board when the long 
axis is perpendicular. If the fork be pulled with the spreader in this 
position the record is a straight line. Turning the spreader through an 
angle of 90° forces the prongs apart and the fork begins to vibrate when 
the pull removes it from the plug, the record changing from a straight 
line to an undulating one as seen in the sample card (Fig. 3, p. 316). At 
the left a brass rod runs up to carry the adjustable holder which in 
turn carries the writing magnet. The ease with which the magnet can 
be adjusted to write on the card or be lifted from it is so obvious from 
the plate as to call for no further description. 

On the base board is seen a key (K) to which wires go from the 
binding posts and which may be opened by the brass strip or tongue (T), 
whose position on the slide can be varied by the set screw. To 
ensure a good electrical contact the key is faced with platinum and has — 
a small spring (S) to keep it open or shut as the case may be. 
Evidently the entire arrangement for mounting and using the fork and 
magnet is so simple that a very moderate ability to use tools will 
suffice for its construction. 

The working of the instrument is equally simple. A card suitably 
smoked is placed upon the fork as it stands drawn away from the 
magnet. The key (K) is opened and the plug (P) turned so as to have 
its long axis perpendicular. Then the magnet is lifted by pressing on 
the spring (H’) and held while the fork is pushed home. The magnet 


6 Such an adaptation of the tuning fork is not new. Its earliest application to physio- 
logical work appears to have been made by Kliinder®* at the suggestion of Hensen. As 
Kliinder himself points out, the physicists had recommended its use at a still earlier date. 
The reader is probably most familiar with the method from the investigations of Landois® 
who used it for chronographic measurements of the pulse and heart beat. : 

* Klinder, “Voruntersuchungen Ober den zeitlichen Verlauf der Muskelzuckung.” <A rbeiten aus d. Kieler 
physiol. Inst, (1863). Kiel, 1869, p. 107. An abstract is given in the Centralbl. f. d. med. Wiss. 1870, p. 409. See also 


Gscheidlen’s Physiologische Methodik, p. 609. 
bd Incidentally mentioned in the Deutsche med. W ochenschrift, 1878, 1v. 348 (Landois, Ueber die Bestimmung 


der Fortpfi it der Pulewellen und der seitlichen Eatwickelung der Rckstosselevation der 


Pulscurven). Details and curves may be found in several articles by | Landois in Eulenburg’s “ Realencyclo- 
piidie der gesammten Heithunde” (Graphische U n, Herzstosscurve, &c.) and in the various 
editions of his Textbook of Human Physiology. 
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- now drops on to the card and is adjusted, the plug is turned to spread 
the tuning fork, and the key is closed. While the left hand holds the 
head board the right pulls the fork which records its vibrations by the 

scratcher of the writing magnet, and also in passing opens the key (K) 
when the tongue (T) reaches it. We shall have then a record of the 
vibrations of the tuning fork whose legibility will depend on the speed 
with which the fork is pulled. If we connect the wires from a battery 
with the writing magnet and the binding posts in such a way that the 
key will break the circuit, we shall be able to indicate the instant of 
opening the key in the record; for the magnet will lose its magnetism 
and the pen will change its position, and this will cause a change of 
level in the vibrations recorded by the tuning fork. If after a brief 
interval a current of electricity should pass again through the magnet 
the pen would return to its former position, and another change of level 
in the record of vibrations would occur; the number of vibrations from 
the beginning of the first change of level to the beginning of the return 
gives us the measure of the time which elapsed from breaking the 
circuit until it was closed again. In the apparatus described a 
standard tuning fork (100 vibrations to the second) is used. The load 
changes the rate of vibration somewhat and for exact time measure- 
ments a comparison must be made with some other standard (pendu- 
lum). For the work to be reported in this paper the value of one 
vibration was changed from 0:0100” to 0°01115”. 

Obviously the opening of the key (K) may be adapted to giving a — 
variety of signals dependent upon breaking an electric current (or the 
key may be used as a shunt for short circuiting) and we may thus 
signal to any of the senses of the percipient, or stimulate a nerve or 
muscle directly, and a reply may be given by any object which under- — 
goes such changes on account of the stimulation as to cause an electric 
current to pass anew through the writing magnet. The application 
of the Bowditch Neuramoebimeter is thus seen to be very extended. 

Although this instrument is not quite so simple as that of Exner 
and Obersteiner, it has certain very important advantages besides a 
greater variety in its applications. Exner’s instrument records the 
movements of a vibrating rod on a plate drawn past it below, and the 
reply is given by pressing a knob on the projecting end of the rod and 
thus lifting the recording end off the plate. The percipient must then 
be always in the immediate neighbourhood of the instrument. He will 
accordingly inevitably be forced to hear a great variety of sounds 
incident to working the apparatus so that any one of these may serve 
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to complicate the signal. A well-trained and very circumspect experi- 
menter can probably learn to neglect all sounds and attend only to the 
proper signal, but my own experience convinces me that the difficulty is 
really a very serious one. As we shall see presently the Bowditch 
arrangement is not absolutely free from this objection but we shall also 
learn how it may be reduced to a minimum. 

The experiments for studying the influence of alcohol recorded the 
time which elapsed between the stimulation of one or two fingers of the 
left hand by an induction shock of moderate, but never painful, — 

- intensity and the closing of a simple key, like the ordinary telegraph 
key, by the right hand which rested upon it. The arrangement of the 


apparatus for this purpose is seen in the accompanying diagram, 
Fig. 2. The galvanic current from the battery (B) runs through the 


Fie. 2. 


magnet (M), the key (K), and the primary coil (I). When the key is 
opened the induction shock goes from the secondary coil (II) to the 
electrodes (E) and the closure of the reply key (R) reanimates the 
magnet. The electrodes and reply key may be at any distance from 
the recording apparatus (always in a closet or in another room in these 
experiments) and the induction apparatus may be near either of the 
persons engaged in the experiment. One good (Grove) cell is suffi- 
cient. For different positions of the induction apparatus other and more 
economical arrangements of the wires will readily suggest themselves. 
It is however particularly desirable not to send the reply current 
through the primary coil as it produces an unpleasant and confusing 
shock. 

The record obtained in sinc work is hens by the sample card 
reproduced in Fig. 3. These replies were given by an inexperienced 
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person and are printed merely to illustrate the form of legible record 
for the various pulls which the fork may receive. The last reply is 
probably in answer to something other than the induction shock—it is 
_ evidently rather too quick. For the sake of clearness much space is 
wasted. After a little practice it is easy to record legibly from seventeen 
to twenty reaction times on one card and with such speed as to fill four 


Fie. 38. Sample of Record. Full size. 


cards in about ten minutes, This rate of working also allows time for the 
percipient to make a memorandum of the goodness of each reply. The 
cards are numbered and dated and then varnished. The counting may 
be done at any time for the record is permanent. The size of the 
cards is such that a large number fill but a small space; indeed it 
seems to me no small recommendation of the Bowditch Neuramoe- 
bimeter that the cards belonging to this paper (recording 8630 reaction 
times) occupy a box somewhat smaller than this printed page and 
only 3cm. deep. When the vibrations are counted they can be noted 
on the back of the card together with the memoranda made at the 
time of the experiment. It is better to keep all records in vibrations, 
and to translate these into seconds when the necessary averaging has 
been done. In counting it is easy to estimate tenths of a vibration un- 
less the pull has been a very slow one. 

There is one source of danger in using the instrument before us 
which ought to be mentioned, that is the twang of the fork when it 
leaves the plug and begins to swing. This is sometimes heard in the 
adjoining room with great distinctness and, if the pulls be made with 
much regularity as to speed, may act as a confusing signal. This 
danger is lessened by placing the Neuramoebimeter on a large folded 
towel, but it is still better to pause for a varying length of time after the 
fork has left the plug, and then continue the pull before the vibrations 
are too small to give a good curve. In this way the twang becomes a 
part of the signal to be ready for the shock and is not confused with it. 
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So important is this influence that I found myself obliged to remove © 
a large number of the earlier records (as “ quick pulls”) where I feared 
that this complication of signals might have arisen. Merely deadening 
this sound will not suffice, for the influence of any drug we wish to 
study may be to quicken the perception of the twang and thus 
unwittingly introduce an error. It would therefore be better to meet 
the difficulty in the way just suggested. Here, as in all similar work, it 
is important to avoid any very great regularity in taking the records. 
Such a habit is but too easily formed under the influence of the 
natural desire to work rapidly. Other observers have also called atten- 
tion to this difficulty. 

The general course of an experiment’ was as follows: At. some 
convenient hour four or five cards were filled with reaction time records ; 
_ after a suitable or convenient interval another “series” of such records 
was taken and still later a third or fourth. On the days when alcohol 
was used the desired dose was taken at a varying interval before the 
second series of reaction times was recorded. In a few experiments 
a second and once a third dose of alcohol was taken. I shall accordingly 
speak of “normal” and of “alcohol” series but it will be observed that 
each day’s record begins with a normal series which we may call the 
“normal of the day.” Doubtless greater regularity in the intervals and 
in the doses of alcohol would have been more desirable and I should 
strongly urge the adoption of such a course. For these experiments 
I can only say that we had to work when we could find the time. The 
intervals between the different series were filled up with as little work 
as possible where they were too long to be passed in complete idleness, 
and so far as I know nothing was undertaken which could be reasonably 
supposed to influence the reaction time in the series which I shall 
consider. 

As we wished to know the action of pure alcohol we made use of 
Squibb’s “absolute alcohol,” the purest and best which the pharmacists 
could furnish. As it would be practically impossible to keep this 
“absolute” alcohol unchanged, a certain amount of it was mixed with 
distilled water to make a liquid containing 25—407%/ (by volume) of 
alcohol as determined ‘by an araeometer. This supply served for a few 
experiments and was then replaced by a fresh mixture. At the time of 


* I am under great siitenbion to Dr H. 8. Durand, then a student of the Medical 
School, and to another student, C. H. Abbot, D.M.D., of Berlin, Germany, for their 
generous and careful cooperation in these tiresome experiments. 1 am also indebted 
to Dr. F. W. Ellis who kindly took many of my own records for me. 
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the experiment more distilled water was usually added, together with 
some cane sugar to render the drink less disagreeable ; at the best it is 
an exceedingly unpalatable combination whose consumption does not 
heighten the pleasure of such investigations. That the mixture is 
effective I can testify from personal experience. The tables which will 
be given later will show that the alcohol was taken at a time of day 
when the condition of the stomach might be expected to be such as to 
favour fairly rapid absorption. I may add that we were all accustomed 
to the moderate use of alcoholic beverages but not in the habit of 
drinking anything of the kind at the time of day when these experiments 
were made. Unfortunately no teetotalers were available for the research. 
The amounts of alcohol employed were such as would probably produce 
a distinct effect, which must necessarily vary with the individual, but 
we made no effort to examine the problems associated with drunken- 
ness. 

Although we used alcohol of 26—417/ (again diluted somewhat as 
already mentioned) I shall state the amounts in equivalents of 10°/, 
alcohol. It will thus be easy to know the quantity of absolute alcohol 
employed or to judge of the amount as about equivalent to a moderate 
claret or to champagne. 

Remembering that the ordinary champagne bottle of commerce 
holds some 800 c.cm., it will be seen from the tabulation that we have 
three experiments with the equivalent of }—4 of a bottle of champagne 
(with regard to alcohol); eleven with }—}4, and seven where about } a 
bottle or rather more was taken in one dose; there are also three cases 
where somewhat more than half a bottle was taken in two doses, and 
one in which the equivalent of nearly a whole bottle of champagne was 
consumed in three doses. With the exception of one experiment 
(where the alcohol was sipped in portions) the entire amount was drunk 
almost or quite immediately at the time noted. I shall give such 
memoranda from the note-book as will serve to indicate the alcohol 
effect as it manifested itself to us, and I may say in addition that I 
think that some effect was evident, at least to the taker, in every 
instance. Besides the ordinary and familiar phenomena of alcoholic 
stimulation we met frequently with that condition of restlessness which 
other observers have noted. The reply key was often closed with 
. audibly increased vigor and the person at work thought his replies not 
only quicker but better than usual, although as we shall see he was not 
infrequently mistaken. Yet on the whole I do not think that any very 
marked alteration of the judgment concerning single replies was observ- 
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able. Personally I found that the time seemed interminably long, and 
had the feeling that I was hampered in some way and that the replies 
must be slow or at least ought to be quicker. Still as I knew from the 
work of others that such a feeling would probably manifest itself and 
that such errors were commonly made, I was doubtless rather too 
introspective and alcohol probably aggravated this condition. 

Records of this nature may be tabulated in several ways. We may 
simply add them up and dividing by the number of observations get the 
average. For some purposes it is better to group them. If in counting 
we avoid noting any record as containing exactly five-tenths of a vibra- 
tion (for example, reading 13°5 as 13°4 or 13°6 as the case may be) we 
may group all observations between 13°6 and 14:4, for example, as 14, 
all from 14°6 to 15°4 as 15 vibrations, and so on. We shall thus get a 
tabulation which gives a very good and simple view of the run of the 3 
records, and we can judge of their character better and much more 7 
easily. This form of tabulation has a still further advantage in enabling : 
us to examine the probable error of the series with greater convenience 
than we could otherwise do, and I shall speak of records treated in this 
way as “ grouped.” 

Before the mean of a series could be obtained by either method a 
certain amount of correction had to be made. Out of the 8630 records 
(exclusive of about 600 taken for practice) 147 proved to be mechanically 
defective and 15 more were so ridiculously small as to be obviously 
incorrect. I then also removed all the records where I myself had 
given a “quick pull.” I felt sure that in some cases the hum of the 
instrument had confused the signal, and therefore rejected 231 such 
uncertain records regardless of the quality of the replies, and afterwards 
used a slow pull in all cases. Unfortunately no such precaution could 
be employed in my own reaction times which were taken by several 
observers, and I was unable to do anything more than use the quick 
pulls as in some measure furnishing an occasional corroboration of other 
evidence against the record. Besides these I also rejected from the 
beginning all records (191 in number) which are called “bad” or “slow” 
in the note book, regardless of their apparent excellence. It seems to 
me fair and proper to give the percipient the benefit of such doubt as 
he has deliberately expressed, and it is also altogether impracticable to 
lay down any rule ‘as to what should be retained. The effect of 
alcohol on such judgments we may consider later. On grouping the 
8046 records which then remained in the various series it was found 
that 122 “good” observations were obviously so far removed from 
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the rest of their own series, when grouped, as to appear valueless. 
This seems much better than the method of rejecting any record which — 
is somewhat removed from those just about it in the order of taking, as — 
has usually been done, especially in experiments involving a rather small 
number of reaction times, In any case there is an opportunity for the 
exercise of great reserve in making the removals, but as I look over the 
figures published by other observers I can but feel that the plan I have 
followed of treating each series as a whole and grouped gives more 
trustworthy results, since replies which seem rather far off from their 
immediate neighbours as taken are found to have many companions in a 
large series of sixty or seventy observations. | 
We have then finally 7924 records which are available for comparison 
with reference to the influence of alcohol upon the reaction time. 
These will be tabulated in two ways. The average obtained by dividing 
the sum of all the observations of a series (without any grouping) by 
the number of such observations I shall call the “absolute” average, end 
speak of that which results from the grouping as the “grouped average,” 
the latter being obtained by multiplying the number of observations in 
each group by the value of the group and dividing the sum of these 
products by the total number of observations. This treatment not 
only furnishes a good method of. controlling the blunders incident to 
the comparison of so many numbers, but also makes it easier to work 
out the probable error®. As would be expected the “grouped average” 
is not exactly the same as the “absolute average” and the probable — 


8 The Probable Error is obtained by the formula of Dienger: 


r)=0°6745 


n(n —1) 

where m is the average of n observations whose individual values are a, b, ¢, d...... 

Knowing the value of the probable error of two sets of observations we can judge | 
of their comparability. Thus if we wish to compare two series whose averages are M and 
N with the probable errors p and q respectively we may not infer that the result N 
really differs from M (has been brought about by the influence of alcohol for example) unless 
we can show that M - N is greater than p+q, for otherwise the probable values of the two 
results (or their range) will overlap each other to a greater or less extent. 

Again, if we compare two results and wish to know the amount of change which 
a certain influence has produced it is not enough to take the difference M-N as expressive - 
of this change, for M may have any value between M+p and M — p, and similarly N is to be 
taken as N+q. The change then taken absolutely is M-—N, but it has a “ Range” 
(as I shall call it) depending on the probable error and obtained by the formula 
M-N+(p+q), and I shall use this “ Range” in indicating the alcohol —— ” 
means of diagrams. 
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error of the one is not exactly the probable error of the other, but there 
is a sufficient correspondence to enable us to draw some conclusions as 
to the justness of such comparisons as we shall wish to make. In such 
curves as I shall use to express the results of these experiments dots 
will indicate the position of the absolute averages (or of their differences) 
while the probable errors (or the “ranges” due to their influence) will 


_ be shown as lines, and the position of the “grouped averages” (or of 


their differences) is of course at the middle of such lines. 

The following tables will give the reader the necessary details of 
each experiment. It should be remembered that we all had some 
practice with the instrument before these series were begun. It will be 
convenient to indicate the work of each day by a Roman numeral and 
the series of the day by letters of the alphabet in regular order, and this 
designation will be used in all later tables or diagrams so that a 
reference to these three tables for particulars will be easy. The first 
column, then, gives the running number of the series—such a series 
consisting commonly of 4 cards or “sets” which are not noted in detail. 
In the second column is noted the time at which the record was made, 
each series requiring about 10 minutes. In the next space will be 
found the number of such “good” observations as were finally retained. 
The fourth column contains the “absolute” average’, while the “grouped” 
average and its probable error form the fifth and sixth columns. In the 
last space finally we have the date and the nature of the day’s work, the 
amounts of alcohol (expressed in equivalents of 10°/, alcohol) and the 
time at which it was taken, together with such other memoranda as 
seem necessary to an explanation of the experiment—or to give the 
general effect of the alcohol so far as noted at the time of the 
experiment. 


the values the reaction time I have not thought 
it worth while to correct these averages in accordance with the opening and closing 
error of the magnet used. The correction is about 0°0010” and obviously does not 
affect the differences with which we shall have principally to do below. 
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J. W. WARREN. 
TABLE 1 


No. of observa- 


tions (corrected) 


Absolute 
average 


Grouped 
average 


Probable 


0-1456” 
0°1414” 
0-1486” 


0°1450” 
071415” 
0°1478” 


+ 0:0025” 
« 0-0016” 
+ 00017” 


15 Nov. 1885. Normal. 


The time given is in all cases the minute 
when the series 


01483” 
0-1430” 
0-1567” 
0°1541” 


01484” 
0°1433” 
0-1561” 


071545" 


+ 0-0014” 
+ 0:0013” 
00016” 
00015” 


01450” 


0°1596” 
0°1617” 


{0-2027”] 


0°1447” 
01599” 
0°1611” 


[0-2028”] 


00016” 

+ 00015” 

+ 00027” 
[+ 0°0059”] 


20 Nov. 1885. Alcohol. 
At 4.30. 504 c.cm. 

An perceived at 4.45 and 
the b-series as slower; there 
was also som ress e. During the c-series 
the headache was nares severe and we worked 
with open doors. Just before d- 
had assisted 


stance and the gro 


rtion. This 
severity of his head- 
ache led me to reject altogether. 


0°1429” 
0°1581” 
0°1582” 


0°1423” 
01578" 
0°1584” 


0-:0028” 
00021” 


3 Dec. 1885. Alcohol. 

At 4.45. 336 c.cm. 
The effect seems to manifest itself in 
slowing the reaction time and in 
the probable — but these changes were 
not evident to 


01670” 
0°1579" 
0°1650” 
0-1681” 


071657”, 


0°1580” 
01647” 
0-1681” 


0°0018” 
00015” 


00013” | 


00015” 


10 Dec, 1885. Alcohol. 
At 448. 336 c.cm. 
The b-series appeared to A to be quicker. 


0°1526” 
01584” 
0°1515” 


0°1528” 
0°1587” 
071516” 


00010” 


+0-0014” 


00011" 


Normal. 


The quick pulls having been recognised 
as dangerous, they are now avolded ad the 


0°1417” 
01412” 
0°1474” 


0°1416” 
01415” 
01467” 


0-0012” 
0°0011” 
00008” 


q Number 
a of Time Remarks 
| 

Ia | 11.0 | 32 

is; 17 Nov. 1885. Alcohol. 

| 4.20 | 40 At 4.0. 224 c.cm. 

IIe 5.0 47 ne tes ef was ton 

q | 5.41 | 36 
410| 3) | 

1113 | 4.50 | 50 
IIIc | 5.20 | 38 — 

| 
IVa| 4.25 | 59 
IVb | 5.15 | 52 
IVe | 5.47 | 53 
Vi | 4.52 | 75 
Ve | 5.25 | 60 
Vd| 5.50 | 65 | 

1 VIa| 4.07 | 73 
VIc | 5.30 | 68 
season bed had a effect upon 
ofthe alcool ad gone. A's 
Vitc| 4.50 | 67 view tho day’ work on the 
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Table IL. (continued). 


Number i Absolute | Grouped | Probable 
of Time 3 average average ernie Remarks 
” 25 Jan. 1886. Normal. 
VIIIa} 2.17 | 69 | 0-1484” | 0-1482” | +0-0012") 
ments with a longer interval. leg -om 
VIII} 5.15 | 72 | 0:1475” | 0:1476” | =0-0013” the replies on the whol 
ages nor the errors confirm this idea. 
IXa| 1.40 | 63 | 0°1547” | 0:1550” | = 0-0017” 8 Feb. 1886. Normal. 
IXb | 5.0 | 67 | 0:1507” | 0-1503” | 40-0013” a bots of with shortly 
IXc | 5.30 | 64 | 01564” | 0:1564” | £0-0015” | ore the was 
Xa | 1.35 | 64 | 01480” | 01484” |+0-0013"| pep, Alconol, 
Xb | 5.10 | 63 | 01449” | 0°1443” | + 0-0009” At 4.0. 260 c.cm. 
Xe | 5.40 | 64 | 0-1501” | 0°1500” | =0-0019” | Purine headache. 
XIa| 2.35 | 69 | 0:1431” | 01425” | =0-0009” 27 Feb. 1886. Alcohol. 
XIb | 445 | 61 01561" o-1568” +0 
Xe | 5.20 | 64 | 0:1600” | 0-1594” | + 0-0013” | while away from the laboratory The day 
2.35 | 64 | 0-1439” | 0:1434” |+0-0010"| 92 march 1886. Alcohol. 
XIIb| 5.15 | 61 | 0-1540” | 0-1547” | +0-0015” 
XIIc| 5.45 | 69 | 0:1503” | 0-1503” | +0-0011” | notas drowsy as half an hour ago 
2.45 | 68 | 0-1464” | 0-1467” | +0-0010” | 
XTITb} 5.32 | 70 | 0:1493” | 0:1490” | 40-0011” Alcohol. 
XIlIc| 6.05 | 79 | 01509” | 0-1510” | £0-0011” 
XIVa| 2.30 | 67 | 0-1542” | 0-1544” | +0-0017” 19 May 1886. Normal. 
XIVb| 5.18 | 66 | 0:1630" | 0-1632” | + 0-0020” | act value, as A had 
2.20 | 67 | 0:1601” | 01601” | +0-0018” 23 May 1886. Normal. 
A felt better than than on the 19th, but 
5.12 | 65 | 01559” | 0°1555” | 0-0015” | iis departure for’ Rurome 
continue the experiments 
XVec! 5.45 | 70 | 01606” | 0°1607” | +0-0014” 
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TABLE II. 
EXPERIMENTS WITH D. 
Number; |S! Absolute | Grouped | Probable 
of | Time ij average | average error Remarks 
Ia | 11.50 | 50 | 0-1661” | 0:1655” | + 0-0024” 2 Dec. 1885. Normal. 
| 12.30 | 46 | 0-1641” | 0-1633” | +0-0095” The large probable error may possibly be 
Ie | 1.0 | 33 | 0-1533” | 0-1524” | «0-0024” | number of 
Ila | 3.45 | 62 | 0-1621” | 0-1622” | +0-0022” 
Ilb | 4.58 | 61 | 0-1589” | 0-1579” | + 0-0019” 5 Dec. 1885. Normal. 
IIc | 6.08 | 64 | 0°1534” | 0°1536” | +0-0017” | 
IIIa | 12.0 | 70 | 0:1398” | 0:1394” | 0-0015” 
| 12.30 | 70 | 0°1514” | 0°1515” | 0-0014” 19:90. 
1.0 | 42 | 0-1599” | 0-1598” | +0-0021” 
1.30 | 42 | 0°1523” | 0°1524” | 20-0020” | suit! 28 “quick pulls” have been removed. 
12 Dec. 1885. Alcohol. 
4.45 | 77 | 02001” | 0-2000” | +0-0015” | At 5.20. 208 o.com. and again at 
” ‘ ” P The very slow normal is not accom- 
5.25 | 71 | 0-1985” | 0°1990” | =0-0018 a by a D sa next day 
noon. During th c-series was some- 
6.53 | 73 | 0-1798” | 0-179" | 0-0016" | "Daring 
the d -series he felt “rather dreamy 
6:25 | 71 | 0:1685” | 0°1685” | + 0-0016 
5.35 | 74 | 0°1677” | 0°1674” | £0-0018” 14 Dec, 1885. Alcohol. 
6.02 | 75 | 0-1611” | 0-1610” | +0-0014” | At 5.58. 
6.32 | 74 | 0°1603” | 0-1603” | 0-0011” | D felt better than on the 12th 
7.08 | 75 | 0°1688” | 0°1687” | «0-0015” | Jectively) very marked. The series 
” ” 16 Dec. 1885. Alcohol 
5.55 | 70 | 01813” | 0-1811” | £0-0012 
6.23 | 74 | 0:1803” | 0-1797” | «0-0016” which seem quicker the, preceding 
During he thought that the effect 
6.52 | 81 | 01598” | 0°1600” | + 0'0012” | have passed off and the series be slower (!) 
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Table ITI. (continued). 
of Time | average | average error Remarks 
VIla| 4.30 | 73 | 0-:1852” | 01853” | + 0-0014” 18 Dec. 1885. Alcohol. 
VII5| 5.05 | 76 | 01728” | 0-1727” | =0-0013” | “* 5° 797 and again at 
5.35 | 71 | 01631” | 0-1622” | +0-0017" | During and the repli wore made 
VIld| 6.0 | 73 | 0-1665” | 0-1665” | + 0-0013” | rather quick set in ¢ was recognised as 
Villa} 4.40 | 72 | 0°1755” | 01749” | +0-0019” 
VIIIb| 5.12 | 75 | 01589” | 0-1589” | + 0-0018” §.34,and5.8. 
VIII d| 6.04 | 73 | 0:1586” | 0-1584” | + 0-0014” the wer 
6.40 | 74 | 0-1697” | 0-1697” | +0-0016” | down with much noise ‘sfter making 
IXa]| 5.50] 56 | 01526” | 01523” | + 0-0015” 21 Dec. 1885. Normal. 

IX6| 6.23 | 54 | 0-1554” | 0-1554” | =0-0017” candy with obeerva jon had 
on accoun a e 
Xe 6.55 71 0:1526” 0°1528” + 0-0011” 
Xa | 4.20 | 58 | 01586” | 0:1586” | + 0-0017” 16 June 1886. Alcohol. 
Xb | 4.50 | 59 | 0-1599” | 01602” | +0-0023"| axed 
Xe | 5.37 | 62 | 0-1628” | 01631” | + 0-0024” | thas a, but this view te not 
XIa| 3.57 | 64 | 01476” | 01471” | +0-0012”| 18 June 1886. Alcohol. 
XIb | 4.30 | 68 | 0-1551” | 0-1554” | +0-0019"| 
XIc | 5.20 | 68 | 0:1596” | 0-1599” | «0-0019” than nthe Dut, he thought both 
XIla| 4.15 | 71 | 01555” | 0-1560” | =0-0017” 19 June 1886. Alcohol. 

At 4.30. .cm. 

4.50 | 74 | 0-1594” | 0-1599” | + 0-0016” he 
5.38 | 74 | 0°1505” | 0-1509” | +0-0018” | “if anything title quicker than without 
4.20 | 69 | 01574” | 01575” | 0-0020" 
XIII 4.55 | 69 | 0-1555” | 0:1558” | +0:0018"| 
5.45 | 74 | 01544” + 00016” 
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TABLE III. 


Absolute 
average 


Grouped 
average 


Probable 
error 


Remarks 


01635” 
0:1739” 
0°1773" 


0°1632” 
0:1749” 
0°1781” 


0-0018” 
+ 0°0017” 
0:0034” 


5 Dec. 1885. 


The cause of the ble error is 
not quite clear. It is meted that the shook 
during c was feeble. 


0-1706” 
0°1705” 
01794” 


0°1710” 
0:1707” 
0:1794” 


+ 0°0025” | 


+ 0:0013” 
00013” 


0°1675” 
01620” 


0°1674” 
0°1624” 


+ 0:0009” 
+ 0-0008” 


0°1687” 
0°1680" 


0:1689” 
0°1680” 


+ 0-0017” 


+ 0-0015” 


16 Dec. 1886. Normal. 


Just after gi a 2 hours course of 
j ins It was not easy to 
fix the 


0°1609” 
01675” 
01646” 


01609” 
0°1675” 
0°1641” 


00010” 
00008” 
+ 00012” 


20 Dec. 1885. Alcohol. 


At 12.56. 198 c.cm. 
Some “dreaminess” during c. 


VIb 


0°1569” 
01682” 


01564” 
0°1683” 


+ 00022” 
00017” 


27 Apr. 1886. Normal. 
N t f 


Vila 
Vile 


0°1593” 
0°1772” 
0°1762” 


0°1594” 
0°1773" 
0°1766” 


+0:0012” 
+ 0°0020” 
+ 00015” 


Villa 
VIIId 


Ville 


01603” 
01674” 
01660" 


0-1608” 
0°1676” 
0-1653” 


+ 00013” 
+ 0:0013” 
« 0°0014” 


29 Apr. 1886. Alcohol. 
At 12.15. 280 c.cm. 
“Not f well.” The of 
eeling very effect 
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j 
ime 
series 
q Ta | 4.20 | 55 Normal. J 
Ie | 6.30] 31 
: Ila | 3.45 | 53 / 
| 4.35 | 58 Dec. 1885. Normal. 
IIc | 5.15 | 64 | 
3 III} | 12.55 | 69 | 
Ve | 1.87 | 88 
q Mm | 1.26 | 44 
q 11-45 | 57 Apr. | 
a At 12.8. 280 c.cm. . 
z 12.44 | 63 At 12.15 distinct exhilaration. During A 
b and much difficulty in fixing attention. 
11.55 | 62 
4 12.50 | 60 
4 1.26 | 63 
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Table III. (continued). 
Number E 
S| Absolute | Grouped | Probable 
° 
IX a | 10.50 | 63 | 0°1650” | 0-1653” | + 0-0015” 80 Apr. 1886. Alcohol. 
” | ” ” At 11.12. 280 c.cm. 
IX} 11.50 | 65 | 0-1631” | 0-1628” | +0-0012"| 
IXc | 12.50 | 63 | 01595” | 0-1586% | = 00010" 
Xa | 11.30 | 69 | 01626” | 0-1629” | +0-0015” 5 May 1886. Alcohol. 
” At 11.53. 420 c.cm. 
Xb | 12.18 | 73 | 0:1686” | 0:1689” | + 0-0013” Vory mashed W ft 
Xe | 12.58 | 68 | 0-1635” | 0-1637” | + 0-0011” | Sue that the replies in } must be slow but 
XIa | 11.22 | 58 | 0:1545” | 01541” | + 0-0009” 6 May 1886. Alcohol. 
” 11.40. 420 c.cm. 
XIb | 12.18 | 59 0-1606” | 0-1604” | + 0-0011 len bat objectively more 
XIec | 1.7 | 56 | 0-1580” | 01573” | + 0-0012” | on the om. warped 
11.48 | 63 | 0°1547” | 01547” | + 0-0010” 7 May 1886. Alcohol. 
1.28 | 61 | 0°1664” | 0-1663” | + 0-0013” At 12.12. 490.5¢.cm.— 
, i a 17 May 1886. Normal. 
XIII | 12.0 | 55 | 0-1559” | 0-1561” | + 0-0009 | oexpectedy prevented from taking 
XIV 11.45 | 55 | 0°1574” | 0-1569” | 0-0008” 
| J 18 May 1886. Normal. 
XIV b| 12.40 | 60 | 0-1679” | 0-1681” | + 0-0014 seemed “very attenti 
1.20 | 67 | 0-1625” | 01628” | + 0-0010” 


An examination of these records shows that the limits both of the 
“normals of the day” and of the changes in the alcohol days are much 
less for A and W than for D. The “normals of the day” lie for A between 
01417” and 0°1670”, for W between 0°1545” and 0°1706”, while those 
for D range from 0°1398” to 02001”, all exclusive of the probable 
error. For this remarkable variation in D’s replies no cause could be 
found except in a single instance, that of “feeling blue” when the very 
slow normal, 0°2001” (in IVa); was obtained. For the sake of comparison 
these normals are given in Table IV. in the order of their size. This 
table shows that normals of the day lie fairly well together for W and 
for A, while those of D are so spread out as to include both extremes. 
The table also shows us that the slow averages are not due to any bad- 
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ness of the replies as indicated in the probable error ; and an examination 
of the order of the observations does not make it evident that practice 
improved the replies very materially except possibly in the case of W. 
For the purpose of making such comparison easier Table V. has been 
prepared, giving the normals of the day chronologically. The poorness 
of A’s records in May, 1886, both as to averages and as seen in the 
probable error may perhaps be attributed to the condition of his health 
at that time as already mentioned. : 


TABLE IV. 


‘‘NoRMALS OF THE DAY” ARRANGED ACCORDING TO THEIR SIZE, TOGETHER WITH THE NUMBER 


OF OBSERVATIONS AND THE CORRESPONDING PROBABLE ERROR (IN TEN-THOUSANDTHS OF A 
SECOND), 


A. 
2 


02001” | 77 | +15 


IV 

VII | 0-1852” | 73 | +14 
VI | 0:1813” | 70 | +12 
vill 


0°1755" | 72 | +19 


V | 0:1670" | 59 | £18] V | 0-1677"” | 74 | +18] It 
I | 0°1661" | 50 | +24 - 0°1650" | 63 | +15 


IT | 0:1621” | 62 | +22 


XV | 0°1601” | 67 | +18 Vit 
X | 01586” | 58 | +17 |} VIL 

XIII} 0°1574" | 69 | +20 071574" | 55 | + 8 
XIII 


XII | 01555" | 71 | +17 
IX | 01547" | 63 | £17 | XII | 01547” | 63 | +10 
XIV | 01542" | 67 | +17 XI | 0°1545” | 58 | + 9 
VI | 0-1526" | 73 | +10] IX | 0°1526” | 56 | +15 


VIII | 0:1484” | 69 | +12 
II | 0°1483" | 45 | +14 
X | 01480" | 64 | 413] XI | 0-1476" | 64 | +12 


XIII | 0°1464” | 68 | +10 
I | 01456” | 82 | 425 
III | 0:1450” | 43 | +16 
XII | 0°1489” | 64 | 410 
XI | 01431” | 69 | + 
IV | 0:1429” | 59 | + 9 
VII | 0°1417” | 70 | +12 


Ill | 0-:1398" | 70 | +15 
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TABLE V. 
**NORMALS OF THE DAY” ARRANGED CHRONOLOGICALLY, TOGETHER WITH THE NUMBER OF " 
, THE OBSERVATIONS AND THE PROBABLE ERROR (IN TEN-THOUSANDTHS OF A SECOND). : 
A. D. W. 
| 
os E No. | Error. No. | Error. 
| 
Z 


15 Nov. 01456” | 32 +25 
0-1483”" | 45 +14 
0°1450” | 48 | +16 

2 Dec. 0°1661” | 50 +24 


01429" | 59 | +9. 

01621” | 62 +22 | 01635" | 55 | +18 

6 0°1398” 70. +15 

0°1706”" | 53 +25 
ee 0°1670" | 59 +18 
02001” | 77 +15 
0°1675" | 70 | + 9 
14 ,, 0°1677” | 74 +18 
16 ” 0°1813” 70 +12 0°1687” 54 +17 
0°1852” | 73 +14 
. 0°1755” | 72 +19 
20 ,, | 0°1609” | 79 +10 
0°1526” | 56 +15 
0°1526” | 738 +10 
01417” | 70 +12 i 

1886 

25 Jan. 01484” | 69 +12 


27 April 0°1569” | 34 +22 
28 01593” | 57 | +12 
29 01603” | 62 | +13 
80 ,, 01650” | 63 +15 
5 0°1626”" | 69 | +15 
6 01545" | 58 | + 9 
7 ” 01547” 63 +10 
Pp 0°1559” | 55 | = 9 
18 ” 0°1574” 55 + 8 
0°1542”"” | 67 +17 
” 0°1601” | 67 +18 | 
16 June 0°1586” | 58 +17 
” 0°1476” +12 
ms 0°1555” | 71 +17 
21 ,, 0°1574” 9 +20 \ 
t 
The probable error shows errors. Obviously the 
But: the number of Observe | Apri forbids compart 
perhaps vans small for com- son of probable errors. . 


24-—2 


q 
1885 
4 
4 
8 Feb. [*0-1547” | 63 | +17 q 
15 ,, 0°1480” | 64 +13 3 
0°1431” | 69 + 9 
22 March | 0°1439” | 64 +10 4 
01464” | 68 +10 
t SOT) 
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I have drawn many curves for my own inspectiun which give not only 
the position of the normals but also the course of the experiments both 
with alcohol and without it. As such curves show very little that is 
interesting concerning the reactions of A and of W, I only print those 
showing the results obtained in the experiments with D, as seen in 
Fig. 4. In this diagram the ordinate gives the value of the absolute 
average in ten-thousandths of a second, the time from the beginning of 
the day's work (or the “elapsed time in the experiment” asI shall call __ 

it) being indicated in minutes on the abscissa. The time at which the _ 


Fie, 4. 


AVERAGES IN THE EXPERIMENTS WITH D ARRANGED ACCORDING TO THE SIZE OF THE NORMALS 
OF THE DAY AND WITH REFERENCE TO THE ELAPSED TIME OF EACH EXPERIMENT. 


| 


1 


Elapsed Time 20’ 80 107 127 140 


In this diagram the time when alcohol was taken is noted by breaks in the otherwise 
full lines of the alcohol experiments. Where more than one dose was used each is noted 
in its place. In curve III it will be observed that the alcohol mark and the second “b” 
average fall together, i.e. no time had elapsed, the alcohol being drunk at intervals during 
the experiment. At the left of the perpendicular line the probable errors of the normals 
of the day are shown graphically to exhibit such overlapping as occurs. The number 
belonging to each experiment as detailed in Table II. stands at the left among the 
numerals which mark the value of the observations. 
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alcohol was taken is shown by the dotted break in the otherwise solid 
lines of the alcohol curves. The “normal” curves are shown as broken 
lines, the beginning of each curve being of course the “normal for the 
day”. The perpendicular line drawn through each dot (representing an 
“absolute average”) marks the extent of the probable error. 

The alteration which occurs in the reaction time during the course 
of an experiment may be represented graphically in another way. 
Evidently it is of importance to know not so much the value of the 
absolute averages with reference to those of other days, but rather to 
compare those on one and the same day in order to learn the amount of 
change which occurs either with alcohol or normally. In other words, 
it appears more profitable to consider the “change” which any dose of 
alcohol may have produced than to know the exact value of any average 
itself. If we take the “normal of the day’ as the starting point for the 
day’s work (as is obviously the fairest way of doing) we may call the 
difference between that average and any other one average on the same 
day the “change” and mark it + or — according as the reaction time 
has grown larger or smaller. This “change” will have a “range” of its 
own (as already explained above) since it really depends upon two 
“probable errors” as well as upon two “absolute averages” for its 
amount. That is to say, if we place the normal observation for each day 
upon a zero line we can group the changes above the line (for a 
slowing) or below it (for a quickening). If in addition to this we let 
the zero line be an abscissa on which we mark the time during which 
alcohol has been at work we shall have a convenient and compendious 
view of the alcohol effect. The diagrams in Figures 5, 6, and 7 give 
then a graphic statement of the relation of all the later observations to 
their individual normals, The position of each dot indicates the 
character and amount of the difference between the two absolute 
averages in question the range of such change being the length of the 
perpendicular line drawn through the dot. Wherever the range line 
crosses the zero line we must infer that we are not justified in supposing 
that the second reaction time under consideration is really greater or 
less than its normal, it may or may not be so. For the sake of 
comparison the changes of the normal days are given as well as those 
which may be attributed to alcohol. These are printed as broken. lines 
and of course can be arranged only according to the time which has 
elapsed since the experiment began. Each “ normal” change is accord- 


the same “elapsed time.” Below each dot will be found the data 
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necessary for such comparisons as the reader may wish to make, The | 
Roman numeral indicates the number of the series whose comparison 


-_ with its normal has resulted in the change recorded. The amount of 


alcohol is noted in cubic centimetres of a ten per cent. solution. The 
full figures of these curves will also be found in Table VI., where they 
are arranged so as to permit a comparison of the changes for A, D, 
and W, still more readily. The corresponding changes of the “normals” 
are noted in Table VII. To be more explicit, Fig. 5 for example 
contains all the changes found in the observations made on A as 
recorded above in Table I. The first change in order is shown as a 


broken line, it belongs therefore to a day’s work where no alcohol was — 


taken ; just below it in the rows belonging to “vormal” we find I 6 and 
30’, meaning that a series of records in the first experiment with A 
taken thirty minutes after the experiment began (or the a-series was 
taken) shows the change recorded. This change is —, or the time was 
quickened, and not far from 0°005” in amount; but the broken line 
which marks the “range” crosses the zero line, it is therefore an open 
question whether the reaction time have been really quickened or not. 
If we wish the exact figures represented by this line we shall find them 
in Table VII. in A’s column and in the line belong to an “elapsed time” 
of 30—33'; the change is then — 0°0042” with a “range” from 
+ 0:0006” to — 0:0076”. | 

Next to this broken line is a plain black line; it is therefore a 
change associated with alcohol. Corresponding to it in the “alcohol” 


rows below are the figures V ), 4’, 336; it is then a change observed in 


the second (or b-) series of the fifth experiment with A and related to 
the influence of 336 c.cm. of 10°/, alcohol drunk four minutes before this 
series was taken. Referring to Table VI. we find the exact change to 
be — 0°0091” with a range from — 00045” to — 00109”, it is therefore 
an unequivocal quickening. Next in the diagram comes a “normal” 


_ change and the memoranda below show that it belongs to the b-series 


of the sixth experiment and was observed 38 minutes after the experi- 
ment began. Then follows a slight and dubious quickening belonging 
to the b-series of the seventh experiment and possibly associated with 
the 260 c.cm. of alcohol consumed ten minutes before. We then find 
two alcohol changes in one line because in both the time during which 
alcohol has been in the body is twenty minutes; examining the figures 
below we see that the upper change (or slowing) belongs to III } and has 
been brought about by 504 c.cm. alcohol, while the lower one (quicken- 
ing) belongs to II 6, in which case 224 c.cm. of alcohol had been taken. 
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In this way the three diagrams are to be read. The elapsed 
time for the normals and the periods of time during which the alcohol | 
has been acting are not fully detailed but so placed as to show the 
general relations of the observations and, as I have already mentioned, 
the elapsed time in the alcohol experiments (i.e. the absolute time of the 

experiment without regard to the duration of any alcohol effect) is 
usually very nearly the same as that of the normal experiments placed 
near them in the diagram. 


Fria. 5. 
‘*CHANGES’”’ AND “RANGES” OCCURRING IN THE EXPERIMENTS WITH A. 


| 
4 
| 
| 
+ 
| | Ti 
| 
~ | i 
Normal VP I° vI° XIV? VIII IX*XV* Ix? 
Elapsed time [37 60 83’ 168’ 200/ 230 
Tm ww WY W 10° 110 195° 
Amount of 504-836-260 336-260 224 
alcohol — $36 224 260 80S 260 


ee 
A 
ong 
* 
x 
0°02” 
a 
3, 
qi 
Aa 
na 
ia 
a 


334 oJ. W. WARREN. 


Fie. 6. 
anp “RANGES” IN EXPERIMENTS wiTH D. 
| on” | 
+ 
i | 
? 
i | 
? 
1 
| 
002" = 
003° 
Elapsed time 33° 40° 70° 85" 
vo Vib xi ve Va 
Alcohol e 
252 288 520 140-252 140 «520 520 
Amount in 252 520 252 
each dose 297 
140 297 297 568 297 288 297 297 568 297 


In this diagram the times are noted in an abbreviated manner to avoid confusion. 
The double and triple black lines indicate that two or three doses of alcohol had been 
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taken, the single black line as in the other diagrams belonging to one single dose. The 
time noted below a double or triple dose only tells how many minutes have passed since 
the first dose was taken and the amount noted is the quantity taken in each dose. The 
time which has passed since the second or third dose may be calculated from Table II. 
and is also noted in connection with Fig. 8, below. By z’ is meant that the number of 
minutes is not exactly known, the alcohol having been taken at intervals while a record 
was being made. 


Fie. 7. 


“ anp “RancEs” IN EXPERIMENTS W. 
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TABLE VIL. 


CHANGE AND RancE oF THE NORMALS ARRANGED FOR TIME FROM BEGINNING OF EXPERIMENT, 
THE FIGURES OF THE RancE INDICATE TEN-THOUSANDTHS OF A SECOND. 


+0°0030” 


—0°0011” 


+0°0005” 
* 4+.0°0017” 


=0 


* After claret! 
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An examination of these diagrams and of the corresponding 
tabulation will make it evident that the changes are more frequent 
where alcohol is taken than where none has been drunk. This is 
especially evident if we compare the cases where the range line crosses 
the zero line or comes so near as to very much lessen the trustworthiness 


of the change. The percentage of cases where this occurs will be found 
to be 


For | | A. D. Ww. 


In “Normal” series | 60°, | 75%, | 22%, 
In “Alcohol” ,, 25%, 16%. 


In other words, the range reduces the change to zero much less 
frequently where alcohol has been at work™. This effect is not so marked 
for W as for the others. It is however possible that his normals 
are less trustworthy—perhaps on account of insufficient practice. The 
size of the probable errors suggests such an explanation; still the 
proportions for those cases whete no such objection can be urged is about 
the same. 

A comparison of the frequency of increase and decrease (that is of all 
the cases where the change is not reduced to zero) is also interesting. 
The following little table gives the percentage : | 


A. D. W. 


+ + + 


Normally | 207, 20% | 0%, 25% | 67% 11% 
Alcohol 60%, 15%, | 21% 64% | 774 8%, 


10 This is even more marked if we remove certain comparisons where the variation 
in the number of observations seems to render the comparison less fair (as in D, Ic, IIIc, 
Ill d, Xe; and W,Ic) We should then find the change equal to zero, 


For A, D. W. 


Normally in 60°/, 83 25°), 
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Evidently then A’s records are much more frequently slowed when 
alcohol is taken than otherwise, while those of D are much oftener 
quickened. Here again W makes a much less definite showing than the 
others, the slowing effect being less well marked. 

Another way of looking at the changes leads to a similar result. If 
we add together all the absolute changes which are marked + and take 
the average (without reference to the number of single records) and also 
do the same with the minus changes or quickenings, the average change 
will prove to be: 
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D. Ww. 
Normally. Alcohol. Normally. Alcohol. Normally. Alcohol. 
+0-0040” | 0:0093” | 06-0014” | 00082” | 0-0100" | 00078” 
~0-0029” | 00040" | 0-0045” | 00140" | 0-0021” | 00037” 


Here again alcohol has a marked influence on the records of A and D, 
but its influence on those of W is partly in the opposite direction, nor 
does this variation appear to be caused by the character of his normals”. 

Neither the amount of alcohol nor the time which has passed since 
taking it seems to have any distinct or regular influence on the change 
produced®. Only the early changes for A seem in agreement with the 
statement of others that a primary quickening may be expected and 
that the later effect will be a slowing, but neither the Jater changes in 
A’s records nor the variations for D and W corroborate this opinion. 
Although I have compared the records from many points of view (with 
reference to amount of alcohol, to the time of day, etc.) the curves have 
never resulted in the establishment of any general relations of the least 
definiteness. 

The remarkable variation in the normal reaction times of D as well 
as the frequent quickening by alcohol in his case suggests a comparison 
between the effect of the alcohol and the size of the normal of the day. 


11 The +0-0" in IX c being reckoned twice. 

12 The omission of I and II for W, where lack of practice might be suspected, does not 
materially alter the above table. 

18 Tt will be observed that very few of A’s series show an unequivocally more marked 
effect for the later times (after intervals of 30’—50'). And among W’s records there is no 
case where the later effect of alcohol is positively more marked than the earlier effect on 
the same day, the interval being generally about 40’., 
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This is also suggested by the peculiarity in the grouping which mani- 
fests itself in the diagram of Fig.4. If we arrange these “ante-alcoholic” 
normals along our zero line in order and make the intervals proportionate 
to the size of the normals, we may draw the changes above or below the 
line as we have done before. The Diagram in Fig. 8 has béen prepared _ 
in this way and gives all the changes (and their ranges) belonging to 
the ante-alcoholic normals near which they stand. It will be seen that 
the changes which occur in the first few minutes after taking alcohol 
are exceedingly irregular, and this is owing perhaps to irregularities in 
8. 


‘‘Cuances” anp ‘* Rances” OF THE ALCOHOL EXPERIMENTS WITH D ARRANGED ACCORDING 
TO THE SIZE OF THE NORMALS OF THE DAY. 


— 
+ 
“ 
Value of normal —0°2001” o1ssa” | — | 01758" | | — | 01655" | — | 07898” 
Running number | IV vn | vm}; v_ | X/| xm | x Im 
56+30 
a} | — | | | —| — | — 
+ 42’ 


In the above table the range line is a simple line or otherwise according as the 
alcohol was given in one, two, or three doses. The position of the ‘“‘normals of the 
day” (or the a-series) is shown by the solid dots in the zero line. The absolute changes 
occurring in the b-series are marked by open dots with a single crossing line, those for 
the c-series by two crossing lines, and in d-series the dot has three radial lines. The 
‘time noted below the diagram shows how long the alcohol has been in the body. Thus, 
in the various series belonging to the day marked VIII, the b-series was taken 4’ after the 
alcohol had been drunk, the c-series 28 minutes after the first dose of alcohol and 2 
minutes after the second; when the d-series began 56 and 30 minutes had elapsed since 
the first and second doses respectively, and 6 minutes since the consumption of the 
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the absorption. But if we draw a line through those dots which show 
the effect where the time is such that a distinct result from one dose 
may be expected (i.e. after 30-2’, 18’, 20’, 13’ and 34 of IIIc, XI b, XIT6, 
X b, and VIc respectively) we have almost a straight line. This line it 
will be seen also lies near the changes probably produced by a single 
dose in 34’, 28’ and 35’ (Vc, VIlIc, and VII c) where the second dose has 
perhaps not had time to cause much further change. I have also 


dotted in a line to connect the later effects, but the result is not 


striking. It would seem then that where the normal reaction 
times vary greatly the effect: of alcohol is to steady them, 
raising those that are low and quickening those that are 
slow. It was quite accidental that I happened to select just these 
variable days for alcohol work, since I knew nothing of the value of the 
averages (except perhaps in one or two cases) for many weeks after the 
records were taken. As neither A nor W shows any such great“ 
variation in the normals a similar comparison of the alcohol effect upon 
them is impossible, and would be complicated by much overlapping of 
the normals, while among D’s “ante-alcoholic normals” only Xa and 
XIIa overlap one another by reason of the size of their probable 
errors. 

The experiments with D are the only ones where the influence of a 
second or third dose of alcohol was tested, and the effect is complicated 
by the fact that these experiments happened to have high normals. It 
will be seen that a second dose does not constantly quicken even 
where the normal is high, and that the third dose caused a relative 
slowing. 

The only other points of interest connected with this research would 
seem to be the influence of alcohol on the probable error and also upon 
the rejected observations. Table VIII. gives a full list of the probable 
errors. Obviously, if we wish to compare them in order to study the 
amount of change in the error from one series to another, it will be 
unfair to institute a comparison where the number of observations made 
in the two series varies greatly. To facilitate such an examination the 
number of reaction times corresponding to each probable error is placed 
above it. Thus while we may compare the series of DII it will 
evidently not do to compare DI a with DIc nor D IIIa with the later 
and III d. The alcohol series under “a,” it will be remembered, 
belong to “ante-alcoholic” normals. Examined then in this sense (i.e. 


omitting: for A, Vb, XIIIc, for D, Ic, Xe, Ile, Vie; for 


W, Ic, VIb, XIV c, Vc), the later observations of different days compared 
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with their own “normals of the day” oor an increase or decrease of the 
probable error as follows : 


Normally. After Alcohol. 
For A. 40°, 60%, Bly, 49%, 
33°), 67°), 48°/, 52°), 
17, 83%, 54, 46°, 


It appears then that the normal series more frequently show an 
improvement in the quality of the replies given in the course of the 
day’s work than do those series which are presumably influenced by 
alcohol; in other words, the latter series seem to be rather less trust- 
worthy than the former. If these changes in the normal observations 
be really due to practice it is still true, as already mentioned, that a 
similar change is not clearly manifest when the normals of the day are 
compared chronologically. | 

But if we examine the probable errors with reference to the amount 
rather than the frequency of change in them in the course of each day, 
it will be seen that the trustworthiness of A’s records is really much 
more disturbed than that of D or of W; indeed the effect on W’s pro- 
bable errors, and to a less extent on those of D, is such that their 


alcohol replies seem on the whole to be better balanced—to be steadied. 


Obviously the number of experiments is too small and the conditions 
are too varied to give such comparisons any positive value. Table VIII. 
gives also no satisfactory evidence that the probable errors vary in pro- 
portion to the amount of alcohol nor to the duration of its action in the 
various experiments. 
Of the rejected records, ie. of those which were called “bad” or 
“slow” although in reality fairly good, a distinctly larger proportion 
occurred in “normal” series; of those called “good”, but which were 
really so far away from the rest of their groups as to lead to their 
rejection, a larger proportion belonged to “normals” for D and W, while 
A made this mistake rather more frequently in his alcohol series, and 
the same is true of his error in giving absurdly quick replies in a few 
cases. In brief, alcohol apparently did not particularly warp the 
judgment of D and W and only very slightly that of A as shown in 


this way. No more marked effect is evident in the judgments 


PH, VIII, | 25 


Te 
* 
>. 
aw 
ia 
= 
13 
q 
q 
» 
vail 
by 


J. W. WARREN. 


TABLE VIII. 


TABULATION OF THE PROBABLE ERRORS TOGETHER WITH THE NUMBER OF OBSERVATIONS ON WHICH 
THEY ARE BASED, THE ERROR IN TEN-THOUSANDTHS OF A SECOND. 


I, Normat Serres. 


A, W. 
36 89 50 46 $3 55 52 $1 
+25} +16) +17 I +24) +25 | +24 I +18 | +17| +34 
73 69 68 62 61 64 53 58 54 
VI | +10| #14} +11 Il | +22) +17 Il | #£25| +13)°+13 
67 64 56 64 Ti 70 69 | 
IX | £17| 215 TX | £15| #11 Ill | +9 | +8 
69 72 69 69 74 54 57 
VIII} +12) +13 XIII | +20 | +16 IV | +15 
66 84 44 
XIV | +17| +20 VI | +22) +17 
87 65 70 55 
XV | +15} +14 XIII | +9 
55 60 67 
XIV | +8 | +14! +10 
Il. Serres 
47 36 70 70 42 42 | . 9 84 88 
Ir | +13] 415] IIT | +15] +14/ +21/| +20 V | 8 | #12 
48 50 38 1 71 73 71 an 56 
Til +16 | +15 | +27 IV | +15| +18| +16 VII | +20} #15 
59 52 58 74 75 74 15 62 60 63 
IV | £28} +21 V | +14| 411) +15 VITT | +13 +13) +14 
59 15 60 65 70 74 81 63 65 | 68 
V | +18| +15] VI | +12 IX | +15| +10 
67 73 76 71 73 69 73 68 
VII | +11) 28 VIL | 414] +18 X | +13} +11 
68 64 72 15 72 73 74 58 59 56 
X | +13| +9 | 412 VIII | +16| +14| 416] XI | +9 | +11} 212 
69 61 64 5x 59 62 68 61 
XI |} 49 | +15/| +18 X | £17] +23| +24 XII | +10| +13 
: 61 69 64 68 68 : 
XII | +11 XI | +19| +19 
68 | 70 79 71 74 74 
£10} +11 | £11}. XII | +17) +18 


expressed concerning the general character of the series as given in the 
first tabulation. 


It is desirable to enquire how far the results of this paper resemble 


those obtained by other observers. 
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In Exner’s experiment one bottle of Hochheimer changed the 

reaction time from 0°1904" to 0:1997", and a second bottle caused a still . 
further slowing to 0°2884" and later to 0°2969” or a final change of aa 
about 0°1000°™. 

The researches of Dietl and Von Vintschgau are more extended ; 
three experiments were made with the former and four with the latter. 
They used champagne (}—1 bottle) or in one case one half litre of 
“Tiroler Tischwein” which I recall from personal experience as a 
thoroughly effective combination of alcohol. These authors” conclude : 
If the quantity of wine be not very great the reaction time is shortened 
for a certain period, and this quickening lasts longer when the wine is 
drunk slowly in small quantities and also when the amount is more 
considerable. If a still larger amount (1 bottle) be taken quickly the 
physiological reaction time is speedily and considerably slowed. 

With regard to these inferences several considerations suggest 
themselves. Unfortunately the probable error is not given and only 
one “ protocoll” is printed so that the reader can work it out for himself. 
The ante-alcoholic averages, too, show so much variation that it is 
difficult to determine just what change (quantitatively) is produced by 
the wine. The comparison is commonly made with a large number of 
old normal observations (826 and 376 respectively) made at various 
times from which normal averages had been calculated. This method 
of comparison does not seem to me altogether satisfactory. If we admit 
its correctness however, it will be seen that nearly all the changes 
attributed to alcohol are scarcely greater than the differences between 
“normal” averages on the same day or between these and the general 
normal, provided we assume the probable errors of the smaller series to 
be about the same as in the experiments whose details are so fully 
given as to permit the calculation. In fact only Dietl’s. marked 
quickenings in his first experiment (25 June) seem quite trustworthy, 
and these are no greater than the very unconvincing changes of his 
third experiment (19 July); and in Von Vintschgau’s experiments 

14 T have worked out the probable errors of this experiment, and they are for the above 
times in order +0-0033”", +0°0029”, +0°0043”, and +0-0127”, the number of observations 
being 19, 6, 17, and 5 respectively. Only the last two become incomparable on account of 
overlapping. The first bottle appears to have improved the trustworthiness of the result 
as the error is much lessened, but there is a great disturbance of the record under the 
influence of the second bottle. . 

45 Dietl and v. Vintschgau, op. cit. p. 382. Their series generally include 17—20 
replies. Only one day’s work with alcohol is so fully reported as to enable the reader to 


work out the probable error which varies from +0°0013” to +0-0020” and is not clearly 
influenced by the wine. 
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only the great slowing in the second (22 June) seems above suspicion. 
In all other cases there are either too few details or the variations 
among averages independent of an alcohol effect are too great to make © 
any inferences admissible. 

Kraepelin’ used pure alcohol sweetened with a raphe fruit syrup. 
The number of his experiments is large; four persons were tested, the 
reaction being sometimes a simple one, that is a reply to a sound signal, 
while in others the more complicated reaction times were taken; in 
many instances the different reactions were combined. Of course only 
the simple reaction—i.e. the reply to a simple signal—is suitable for 
comparison here. Altogether the number of such experiments seems 
to have been 21 and they were apparently carried out with great care 
and exactness. 

The “average variation” is given in a few cases and several curves 
are drawn to show the course of the reactions, but these curves are 
on the successive groupings of only 3—4 records (which are not given in 
detail), and single observations appear to be rejected on account of their 
size as compared with those very near them in the order of the 
experiment. As I have already suggested this method does not seem 
to me altogether satisfactory—and the size of the “average variation” 
leads to the inference that the probable error is really too great to 
permit all the conclusions which Kraepelin draws. The most constant 
effect observed was an initial quickening of the reaction time not merely 
relatively to the preceding series but in many cases the quickening 

appears to be an absolute one, i.e. as compared with the normal based 

on a number of “ante-alcoholic” observations for the day, which normal 
observations I may add show very marked variations. The doses ranged 
from 7°5 to 60°0 gm. of absolute alcohol. The initial quickening varies 
in the time both of its appearance and of its duration [3’, 5’, 8’—10’, 
10’—20’] and apparently this time increases in some proportion to 
the slowness of the normal time of the percipient. Where the dose of 
alcohol was often repeated the relative initial quickening seems to 
follow nearly or quite every dose, After this initial quickening came 
“quite constantly” a considerable lengthening of the reaction time. In 
general this slowing effect was well established in twenty or thirty 
minutes. For both changes Kraepelin finds an influence of the 
amount of alcohol the quickening growing smaller and the slowing 
greater as the dose increases, although the individual effects differ 
greatly. The slowing influence would also seem to be exerted sooner 
with larger amounts of alcohol than with small ones. 
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Kraepelin’s results seem to have differed greatly from mine in the 
amount of change which his doses of alcohol produced. So far as the 
few printed details enable us to draw any conclusion it would seem that 
changes of 0:0300” or even more were quite common 4s a result of 
doses which in my experiments had no such effect. Still larger relative 
changes are quite frequent. | 

I am convinced concerning my own experiments, as Kraepelin 
seems to be concerning his, that a much more systematic inquiry is 
necessary for any final results. If I were to take up the work again 
I should expect to get more satisfactory conclusions from using small 
amounts of alcohol, not more than 15—20 c.cm. I should also take 
more frequent, but regular, records and always in series of at least ahy 
replies. It would probably also be well to examine the effect of sipping” 


the alcohol—but I feel sure that any effort to vary the dose considerably 


will lead to no good result unless the number of experiments is much 
increased beyond anything yet reported. For such work I can heartily 
recommend the Bowditch Neuramoebimeter. It has proved to be not 
only convenient and compendious but it also does not easily get out of 
order, and none of those hindrances from irregular action occur with it 
which are so often mentioned’ in reports of work with complicated 
chronoscopes. 


The experiments which I have given with as much detail as seemed 
reasonable have not been as fruitful as I hoped when I began; they 
appear to permit the following general conclusions :— 

I. The changes in the reaction time after taking varying amounts 
of pure alcohol are on the whole more considerable than those occurring 
in equally long experiments without alcohol. 

II. There is no obvious and unquestionable relation of the effect, 
in quality or in quantity, either to the amount of alcohol taken or to 
the time during which its influence has been exerted. 

III. Although the records of A suggest that the reaction time may 
be quickened shortly after alcohol has been taken, and those of A and 
of W that the later effect is in the direction of a slowing, such a 
conclusion is not fairly established by these observations. Nor do the 
replies of D clearly favour such a view. 

IV. Where the normal observations are subject to great variations 


1 Cf. Lauder Brunton’s remarks on Cerebral Stimulants in his Tert Book of 
Pharmacology, Therapeutics and Materia Medica, 3rd (London) Edition, p. 192. 
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from day to day (as with D) the alcohol appears to lessen these 
variations and to bring the observations to a common mean. 


V. It is also suggested that alcohol may improve the quality of the 
reaction time, by lessening the errors, at least for a time, but much 


more numerous series are needed to make this more than a mere > 
suggestion. 
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THE TYMPANIC KYMOGRAPH: A NEW PULSE AND 
BLOOD-PRESSURE REGISTERING APPARATUS. 
By HENRY SEWALL, Ph.D., Professor of Physiology in the 
University of Michigan. Pl. X. 


(From the Physiological Laboratory at Ann Arbor, Mich. U. 8. A.) 


In the tympanic membrane of the ear Nature has demonstrated an 


apparatus for the exact transmission of variations of mechanical pressure 


differing extremely in form, amplitude and period. 

In his discussion of the mechanical properties of the auditory 
membrane and ossicles Helmholtz’ pointed out that the peculiar — 
efficiency of the tympanic membrane depends largely on the slight 
curvature between centre and periphery of the funnel-shaped sheet of 
tissue. 

Considerable movement of the belly of the curve is accompanied by 
a much reduced motion of the centre of the membrane which is, 
however, carried out with a corresponding increase of force. 

Ten years ago it first occurred to me that in the tympanic membrane 
was to be found, in a generalized form, a device which might be 
copied in the construction of apparatus designed to register graphically 
variations of mechanical pressure. Many unsuccessful attempts had 
been made to carry out this idea when, three years since, my colleague 
Dr W. H. Dorrance took up the subject, and by untiring patience and 
extraordinary mechanical skill finally produced the apparatus to be 
described which is, it is hoped, but the first of a series of instruments to 
be applied to various graphical purposes. Dr Dorrance has not only 
wholly constructed the apparatus but has designed most of its accessory 


The tympanic kymograph consists essentially of two pieces; (1) a 
support carrying adjusting screws and the registering lever; (2) a 
brass tube bearing at one end a flattened bell whose mouth is closed by 
the imitation tympanic membrane with the convex surface of the curve 


1 “Die Mechanik der Gehérknichelchen u. des Trommelfells,” Pfliiger’s Arch. Bd, 1.8. 1. 
Translated by Buck and Smith; ‘‘The mechanism of the ossicles of the ear and membrana 
tympani.” New York, 1873; and by J. Hinton, “The mechanism of the ossicles of the ear 
and membrana tympani.” London, 1874. - 
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outwards. For convenience this part of the instrument will be referred 
to as the tympanum ; it is represented of natural size in longitudinal sec- 
tion in Pl. X., fig. 1. The disk or diaphragm representing the tympanic 
- membrane is one inch in diameter. It is made of sheet brass ‘002 inch 
in thickness and receives its shape by being spun upon a die in a lathe. 
The edge of the diaphragm is turned over that of the flattened bell, 
and then soldered under a protecting rim which rises above the surface 
of the disk. 

A small metallic cup is soldered to the centre of the membrane as a 
point of support for the pressure needle to be described. 

The complete apparatus is represented, somewhat reduced in size, in 
Pl. X., fig. 2, to which the lettering refers. | 

What may be called the supporting part of the instrument consists, 
with its adjuncts, of a brass tube, e, 2? inches long, by which it may be 
attached to an upright rod. From this tube project three horizontal 
arms, b,c,d. The lowest arm, b, carries the tympanum when in use sit 
bears at its extremity a split ring hinged at one side; the jaws of the 
ring may be widely opened to receive the tympanum tube, a’, and then 
- closed tightly upon it and held in place by a screw head, f, which runs 
upon a screw hinged to one of the jaws. The bearing offered by the 
split ring is nearly one inch in length, so that the tympanum is held 
firmly and exactly in position. An adjustable collar, p, on the tube 
allows it to be brought without delay to its proper place while 
preventing accidents from excessive upward push. The middle hori- 
zontal arm, c, supports three concentric brass rings which rest one upon 
the other and whose internal diameter is a little more than an inch. 
The lowest ring is screwed firmly to the armc. The middle ring rests 
upon and overlaps the former and may be turned completely round its 
centre; it is held in place by screws passing through its overlapping 
edge into a slot in the periphery of the lowest ring. The middle ring is 
toothed on its periphery, g, for the reception of a continuous motion 
screw, m, by means of which it may be turned about its axis; in this 
way, as will soon be clear, the point of the writing lever may be moved 
toward or from the surface on which a record is being made. The 
upper ring is cut through into two half circles. A steel wire, h, forming 
an incomplete circle, lies in a groove on the periphery of the half rings 
and holds them in the position occupied before their separation. A 
hinge screw at one end of the diameter of section holds the upper to the 
middle ring, and a bevelled screw, m, moving in a conical bed at the 
other end of the diameter may be used to overcome the circular spring 
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and spread apart the halves of the split ring. A revolving steel axis 
bearing at its middle a small pinion lies upon each half ring parallel to 
the diameter of section. The motion of the diaphragm is imparted to a 
piston, ¢, which consists of ‘a steel needle ending below in a small brass 
screw which passes between and is clasped by the edges of the two 
pinions and rests below upon the cup at the centre of the diaphragm. 
One of the pinions, &, is grooved and notched so that the motion of 
the piston shall be imparted to it. The axis of this pinion carries a 
light brass ring into which is closely fitted a straw, r, by means of which 
the motion of the piston is transmitted amplified to the recording 
surface. The other pinion has a smooth periphery ; its purpose isto press 
the piston screw against the grooved pinion. The piston is flattened on 
the side of the smooth wheel to prevent turning round its own axis. 
_ The axes of the pinions being borne on different halves of the split 
ring, they may be separated by the screw, m, and the lever mechanism 
thrown out of gear whenever it is desired. The uppermost horizontal 
arm, d, has passing through its extremity a screw, g, about 5 mm. in 
diameter, in line with and pierced from end to end by the piston needle 
which moves freely, but without lateral play, in the screw. The screw is 
hollowed out for the reception of a spiral steel spring enveloping the 
needle. The lower end of the spring is firmly fastened to a plug which 
is tightly wedged in the bottom of the screw; the upper end forms 
a close ring round the piston needle just above a light brass collar 
soldered to the latter. When the screw is turned down the upper free end 
of the spring catches on the collar of the piston needle and the tension 
of the spring is exeited in pressing the needle down upon the cup of the 
tympanum. Following the analogy of the anatomical structure of the 
auditory mechanism, this spring may be considered to play the part of 
the tensor tympani muscle. In order to guard against accidents, the pis- 
ton needle is allowed to go only a certain distance downward. To effect 
this restraint a short rod, 0, projects below from the upper horizontal 
arm, d, bearing at its end a little shelf provided with a slot through 
which passes the piston. The latter has soldered to it a small brass 
disk which rests upon the projecting shelf and supports the tension of 
the spring when the screw has descended a certain distance. A similar 
disk on the needle below the shelf limits the upward movement of the 
piston and consequently of the centre of the diaphragm. A graduated 
scale, s,is fastened permanently parallel to the pressure screw by which 
its vertical position is determined. 
The amount of blood-pressure is denoted at any moment during an 
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experiment by the position of the lever, | upon the graduated scale ¢. 
The lever is pivoted at the free end of a strap-shaped spring, j, fastened 
to the under side of the upper horizontal arm. The lever is of 
aluminium and weighs but one grain; it rests by a projecting shoulder 
upon the little disk which is soldered to the piston needle. When the 
screw q is turned down the spring to which the lever is pivoted is 
pressed upon, and the point of the lever rises on the scale indicating the 
tension of the spring as expressed in mm. of mercury pressure. When 
communication between the tympanum and the artery of an animal is 
established, the vertical fluctuation of the piston needle is transmitted 
to the lever and is added on the scale to the previous initial pressure. 
In this way variations of pressure within 10 mm. of mercury are indi- 
cated, It may be said that a device by which more accurate results | 
_ may be obtained has already been designed. If it is not desired to use 
the pressure indicator, the level 1 may be raised and supported by 
a pin z. I have used also another and accurate method of determining 
the variations of pressure indicated upon an experimental tracing, -On 
a piece of paper ruled in O mm. the elevations of the point of the re- 
cording lever, 7, are marked on the axis of ordinates, and the corres- 
ponding elevations of a column of mercury in a manometer connected 
with the tympanum, on the axis of abscissas. A separate line drawn 
through the points so laid off for each depression of one mm. of the 
pressure screw, g, provides an empirical scale by means of which the 
pressure in mm, mercury indicated at any point on an experimental 
tracing may be determined, by measuring the distance between that 
point and a line of no pressure traced by the lever. 

When the pressure screw, qg, is turned to a certain height the 
piston needle is wholly relieved from the spring, so that variations of 
fluid pressure within the tympanum are resisted only by the elasticity 
of the diaphragm. By this means the variations of low blood-pressure, 
as that maintained by a frog’s heart, can be measured. It is an 
absolute essential to the accuracy of the instrument that equal 
increments of pressure within the tympanum shall be followed by cor- 
responding excursions of the recording lever. This has been so nearly 
attained in the form of disk finally adopted that, within the limits of its 
motion, no error can be detected. The pulse recorded from the artery 
of a cat by six separate tympanum membranes was of quite similar 
dicrotic character in each case. 

In fig. 3’ are represented tracings obtained in testing the apparatus 

1 The parallelism of the actual tracings is not perfectly represented in the figure. 
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TYMPANIC KYMOGRAPH. 353 
for the purpose of determining how closely the movement of the 
recording lever indicates variation of pressure within the tympanum. 
A tympanum having a straight tube was filled with glycerine and 
the open end closed by a plug held in place by a flexible, inelastic 
membrane. A lever was made fast to the plug, whose movement it 
magnified, and brought to write upon a rotating smoked cylinder 
on the sam vertical as the recording lever of the apparatus. 
Rapid and variable motions were given to the plug lever, and it 
will be seen by inspection of the figure that the movement of the 
two levers was parallel under all circumstances. In the figure the 
upper line 1, was made by the plug lever, the middle, 2, by the 
kymograph lever and the lower, 3, by a chronograph giving 10 double 
vibrations per second. 

When the tympanic kymograph is to be prepared for an experiment, 
the tympanum is removed from its support, filled with diluted alcohol 
and then connected with the tube by which attachment is to be made 
with the artery. The tympanum is then returned to its support and 
clamped in the position indicated by the adjustable collar on its tube. 


The tympanic kymograph is not, as might seem from the description,” 


complicated in its structure. While the membrane covering the 
tympanum is necessarily delicate and would suffer from blows or extra- 
ordinary pressures when not in adjustment, it bears without detriment 
any ordinarily careful treatment. 

The disk represented in fig. 1, was ee though held free in the 
hand, when the pressure seiphin the tympanum was varied between 
values represented by a positive pressure of 8 and a negative pressure of 
about 4 inches of mercury. The preparation of a new disk by skilled 
hands is a matter requiring comparatively little time or trouble. 

Finally it may be said in recommendation of the tympanic 
kymograph : | 

1. It is delicate and accurate in its action, and has an almost un- 
limited range of operation. 

2. It records at once not only the form of the pulse-wave, but the 
value of the blood-pressure as well. 

3. It is unequalled for convenience of manipulation. But a few 
seconds are required to fill and adjust the tympanum, when the instru- 
ment is ready for use. 


The instrument may be obtained by applying to Dr W. H. Dorrance, Ann 
Arbor, Mich., U.S.A. 
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ON CERTAIN POINTS CONNECTED WITH THE COAGU- 
LATION OF THE BLOOD. By J. R. GREEN, BA. 


Demonstrator of Physiology in the University of Cambridge. 


(From the Physiological Laboratory, Cambridge.) 


THE influence of the different inorganic salts present in blood 
plasma in the process of coagulation has been to a large extent over- 
looked. Schmidt has pointed out that a solution of fibrinogen and 
paraglobulin in dilute alkalis will not clot unless a certain proportion of 
NaCl be added, and it has long been known that on the other hand 
MgSO, and Na,SO, exercise a restraining influence on coagulation. The 
salts however have not been regarded as playing a leading part in the 
process. : 7 

Some experiments which I carried out last year have rather an 
important bearing on this question, and though they are unfortunately 
incomplete they are sufficiently striking in themselves, and bring 
the whole question of the salts into much greater prominence. In 
the following paper I propose to give an account of the experiments, and 
to discuss to some extent their bearing, leaving to further research some 
points of interest which they have suggested, but which hitherto I have 
been prevented from investigating. 

In the year 1883 in conjunction with Dr Sheridan Lea I iiaile 
some observations on the preparation of the ferment from Buchanan’s 
washed blood-clot’ with the view of showing that like Schmidt’s body, 
that which Buchanan had prepared was not a globulin. At the 
conclusion of that paper we intimated that we were trying further 
experiments to ascertain the effect of heat on the ferment. At that 
point from pressure of other work Dr Lea found himself unable to 
proceed further with the enquiry, which therefore devolved upon myself. 


1 This Journal, Vol. rv. p. 380, 
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In connection with the last-mentioned experiments I found that heating 

a salt extract of the washed blood-clot to nearly boiling point, though it 
delayed the manifestation of the ferment power, did not destroy it. The 
test of the power which I used was the rapidity with which a few drops 
of the extract set up coagulation in a tube of plasma that had been kept 
from clotting by MgSO, and diluted 10 times just before using. Insuch — 
a tube, without addition of any ferment, coagulation usually set in in 
about an hour, while on addition of ferment it would be complete in 
about 3 minytes. The boiled mixture caused clotting in about 20 
minutes. In consequence of this I examined closely the constitution of 
the ferment extract, and found that when prepared from “washed blood- 
clot,” or from fibrin prepared normally by whipping blood, it contained a 
certain definite and fairly constant amount of calcium sulphate. 

I next made a saturated solution of calcium sulphate in different 
fluids, and found that on adding 1 c.c. of this solution to 10 c.c. of diluted 
MgSO, plasma, coagulation set in with great rapidity. 

A typical experiment was as follows :— 


| Put in bath 
Tube Containing | at 40°C, at | Clotted at 


A | 10cc. diluted plasma +1 c.c, CaSO, solution} 11.5 a.m. | 11.20 a.m. 
B  ,, »  +tlec. water yy 


Finding that dilution of the plasma with water interfered with the 
proper solution of the globulins I always afterwards used for dilution 
‘6°/, NaCl solution, and dissolved the calcium sulphate also in this fluid. 

The outcome of many experiments on MgSO, plasma was that 
clotting was set up in it extremely rapidly on. the addition of both fibrin 
extract and CaSO,, and very quickly by the CaSO, alone. It must be 
remembered here that the plasma used would on long standing clot | 
_ without either and hence contained some ferment, though probably but — 

little. 
3 The rapidity with which ‘coagulation set in was influenced by the 
quantity of CaSO, added, but the differences were not perceptible unless 
extremely minute quantities were used. If above a certain amount were 
added the rate was rapid, but did not increase with the additional 
quantity. 

An experiment on this point is subjoined : — 


arta 
5 
. 
« 
ak 
2 
™ 
& 
a 
4 
“Ag 
Ds 
a 
. 
4 
4 


856 J. R. GREEN. 


1 
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“ae antity | Time taken to 
Tube Containing Bath at |Clot at added) clot 
A | 10c.c. dil. plas. +1 ¢.c. CaSO, sol. | 11.5 a.m.| 11.20 | 2°27 mgr.| 15 min. 
, CaSO, sol. 
C | 10c.c, dil. plas. + ‘25 ¢.c. CaSO, sol. | : 
D | 10 c.c, dil. plas, + ‘2 ¢.c. CaSO, sol. 
E | 10 c.c. dil. plas. c.c. CaSO, sol. 
F | 10 ce. dil. plas, + ‘1 ec. CaSO, sol. | 
G | 10 ce. dil. plas. + ‘05 c.c. CaSO, sol. | 
+95 ¢.c, ‘6 NaCl 11.5 ,, | 12.13] °114,, | hr. 8 min. 
H | 10c.c. dil. plas. | 
+lec *6 NaCl 11.5 |12.45| none hr, 40 min. 


From tube G it is evident that a very small trace of the calcium 
salt has a considerable clotting power. This tube had not added to it 
more than ‘0010369 gr.*/, This sensitiveness was a cause of much 
difficulty in later experiments. 

Other salts of calcium were not found capable of replacing the 
sulphate in the process, nor would the sulphates of either barium or 
strontium affect coagulation in the least. | 

Whatever may be the nature of the influence exercised by the CaSO, 
it overcame the resistance of MgSO, to the process or onset of coagulation. 

As is well known blood may be kept from clotting by several other 
agencies, and experiments were next made to ascertain whether the 


salt was equally efficacious in the presence of these. 


1. Cold. Some horse’s blood was collected in tubes surrounded by ice 
and kept for 18—20 hours till subsidence of the corpuscles had taken 
place. 

An experiment was prepared as under :— 


Tube Containing “Clot at | Time 
A | 2c.c. cold plasma, 5 c.c. CaSO, solu. 5¢.c.°6 NaCl} 11.55a.m.| 12.15 | 20’ 
B| 2. do. do. 3 do. 11,56: 12.15 | 20’ 
Cj; 2 do. do. 1 do. do. do. 11.55 ,, 12.23 | 28’ 
Di2 do do. do. 11.55 ,, {none formed) — 
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In another experiment the details were :— 


Tube Containing Tee Path ‘Clot at} Time 
A | 5e.c, CaSO, solu. & 2c.c. cold plasina 3.7 p.m.|3.36| 297 
B|2 do &3cc. NaCl‘6 & 2cc. cold plasma| 3.7 ,, |3.50| 43’ 
Cj 1 do. &4 do. &2 do. do. ‘ot 44’ 
D | 5ec. NaCl & 2 do.. do. 3.7 ,, | 4.15 | 8 min. 


Other confirmatory experiments were made with the same result. 
The times, as may be seen, were not uniform; this was due perhaps to 
the fact that the blood used in the two experiments quoted was from 
different horses. 

In each case, before adding the CaSO, solution and the diluting 
fluids to the plasma, these were kept for a time in vessels surrounded 
by i ice, so that there should be no interference with the temperature on 


mixing. 


2. Peptone. On blood plasma kept from clotting by peptone the 
same effect was produced, but more slowly. The blood used in my ex- 
periments was taken from a dog into which I had injected ‘3 gr. of peptone 
per kilo. of body weight. The blood on being removed was centrifuga- 
lized till all solid elements had settled to the bottom and a pure colour- 
less plasma remained. On CO, being passed through this it readily 
clotted, as is usually the case on such treatment of peptone plasma. 

Such plasma was taken for experiment. In the absence of the 
stream of CO, it remained till putrefaction set in without any sign of fibrin 
being formed. In atypical experiment 2 c.c. of this were added to 10 c.c. 
of CaSO, solution in °6°’/, NaCl, and in another tube 2c.c. were diluted 
with 10 c.c. NaCl °6°/, only. No clotting took place in either for nearly 
three days, when the CaSO, tube formed a fair clot. The other one 
remained fluid altogether. 

The influence of peptone in preventing coagulation is much more 
potent than is that of MgSO, or of cold. It took much more CaSO, 
to cause the clotting than in the other omnes and the time was enor- 
mously prolonged. 

Some interesting results, not perhaps sizictly bearing on the in- 
fluence of the CaSO, on the coagulation but rather on the behaviour 
of the peptone, were noted in connection with this part of the investi- 
gation. 
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Some of the centrifugalized plasma was taken and CO, passed 
through it for 1 minute.. Then in one tube 2c.c. of this were added 
to 10 cc. CaSO, solution (C), and in another 2... were added to 
10 cc. *6°/, NaCl (X). The latter clotted in 30 minutes, while the 
former containing the CaSO, remained permanently fluid. This occur- 
red generally, though not quite always’, Whatever may be the part — 
played by peptone in hindering coagulation, its influence is done away 
with by CO,. It is unlikely that the CO, combines at all with the 
peptone’*, but the presence of the gas renders it unable to play its 
usual part. In the above quoted experiment the CO, was apparently 
taken up in some way by the CaSO, and could not therefore disturb 
the action of the peptone, while the quantity of free CaSO, was greatly 
reduced, so that it could not accelerate the clotting. To see whether 
the hindrance of the clotting was due to the fixation of the CO, an 
experiment was conducted as under :— 

CO, was passed through some peptone plasma for 30 seconds. 
Two tubes, W and Y, were taken. In Y were put 2 c.c. of the plasma 
and 10 c.c. of normal saline solution; in W, 2.c. plasma and 10 c.c. 
CaSO, dissolved to saturation in normal saline solution. Both were 
put in the warm bath. Y clotted in 5 minutes, W remained fluid. 
Some more CO, was now passed for several minutes through half the 
contents of W, in a tube labelled W, while the other half was not 
interfered with. Both were replaced in the warm bath. After a — 
time W, clotted firmly, while W remained permanently fluid. 

The influence of mass in such experiments as those detailed must 
be taken into account. It is necessary to have excess in the one case 
of CaSO, or in the other of CO, for the due bringing about of the 
result. 

A rather tempting hypothesis to account for this result is to 
suppose that CO, can combine with peptone, (much as in the stomach 
dilute HCl does, and very much in the same way that dilute acids 
are fixed by myosin and other proteid bodies) and further, that the 
compound of CO, and peptone cannot hinder coagulation. In the 
light of Fano’s experiments® this seems unlikely, but to see whether 
or no the interaction of the two is at all of that kind I injected 
into a dog the quantity of peptone that is efficacious in staying 
coagulation, but before injecting it, I passed a stream of CO, through 
1 Compare page 363. 
2 Fano, Maly’s Bericht, xu. 139. 1882, . 
3 Op. cit. 
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it for 2 or 3 hours. The result was that the blood remained fluid as 
if no CO, had been used. Whatever therefore may be the action of 
the peptone in preventing clotting, it does not lose its power by 
forming a compound with CO,. 


3. Leech extract. It was established by Haycraft that if blood 
be mixec with the watery extract of the head of the leech coagu- 
lation is indefinitely postponed. I found that by using a smaller quantity 
of the extract relatively to the quantity of blood the coagulation may 
be retarded only. The hindering effect of all these various bodies 
seems indeed to be one of degree, implying that they somehow interfere 
with the formation or separation of the fibrin, and do not work by 
altering the fibrin constituent or factors. 

Such a slowly coagulating plasma as above described was prepared — 
by mixing some watery extract of ground leech-heads with some fresh 
rabbit’s blood. This only clotted after several hours’ standing. The 
effect of CaSO, on this plasma is seen from a typical experiment 
subjoined, the blood being diluted with 10 vols. of NaCl’6°/,. 


Tube Containing Bath at lolot at} ‘Time 


A | 5c.c. of the mixed leech extract and blood after | 1 p.m. |1.15| 15 min. 
dilution + 2 c.c. CaSO, in -6°/, NaCl 


5ec. do do +2c.c.°6°/ NaCl 1 ,, | 2.40} 1 hr. 40 min. 
C 5ec. do. +1e.c.°6°/, NaCl+1lec. CaSO,in| 1 ,, | 1.15; 15min. 
‘6 °/, NaCl | 


The control tube B was seven times as long in clotting as those 
with. CaSO,. The dilution had enabled the clotting to take place 
sooner than in the undiluted blood. 

In all these cases therefore, in which coagulation was retarded 
or prevented by MgSO, cold, peptone, or leech extract, the CaSO, 
caused it to take’ place, in some cases very rapidly, in others more 
slowly. 


The first question that suggested itself on obtaining these results 
was :—“Is CaSO, really the body which has hitherto been called 
the fibrin ferment?” Were the results obtained by adding extract of 
washed blood clot brought about solely by the CaSO, therein con- 
tained? or was another active body there as well? As stated on 
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p. 355, addition of this fibrin extract to dilute MgSO, plasma caused 
clotting quickly; a mixture of this and CaSO, acted more quickly. 
Was this only a case of different quantity of CaSO,? It seemed 
best to test this point on a fluid which even on long standing is not 
spontaneously coagulable, for with one which will coagulate by itself it 
is impossible to say whether such clotting is due to one thing or 
another, since CaSQ, in smail quantity is already present, and if an inde- 
pendent ferment exist, this is present also. 

Such fluids, not coagulating on long standing, are pericardial fluid, 
hydrocele fluid, and solution of fibrinogen in dilute NaCl. If CaSO, 
and fibrin extract both act alike on these, there is great <iperosae hed 
of the active agent being identical in both cases. 

A typical experiment on pericardial fluid is subjoined :— 


Tube; | Containing Bath at Clot at | Time 
A | 2 pericardial fluid + 2c.c. extract of fibrin | p.m. |1.7 p.m.! 7’. 
B | 2 ce. do. +2 ¢.c. CaSO, solution none after 
Cj} do. NaCl ‘solu. “6 [24 hours 


Hydrocele fluid behaved just as pericardial fluid did. 

In these it was evident that something more than CaSO, was 
required, and that this additional requisite was present in extract of 
fibrin. 

Experiments were next made on a solution of Seen prepared 
as directed by Hammarsten. A quantity of plasma was precipitated 
by 13—16°/, NaCl and the precipitate washed several times by de- 
cantation, redissolved and reprecipitated. A fairly pure solution of 
fibrinogen was thereby obtained. It was tested by heating it gradually 
to 56°C. when the fibrinogen was precipitated and coagulated. After 
standing for a few minutes at 60°C. the precipitate was filtered off. 
On heating the filtrate to 85°C. no further precipitate or opalescence 
was found to occur. Hence only the one proteid, fibrinogen, was 
present in the solution. The xanthoproteic reaction moreover was. 
not given by the filtrate. 

It may incidentally be mentioned here that the extract of fibrin 
which was used as a control in these experiments, to see whether it 
contained anything which acted on the fibrinogen and yet was not 
CaSO,, was made by extracting ordinary fibrin with 10°/, NaCl. It 
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possessed the ferment power in very great degree. During these 
experiments it was tested by heating gradually. A precipitate occurred 


at about 60°C. which was filtered off and the filtrate found free from 
proteids. This extract therefore contained no paraglobulin. | 

A typical experiment made with the above-mentioned pure fibrino- 
gen solution is subjoined. 


Tube Containing Bath at | Clotat | Time 
D | 2c.c. fibrinogen solu. +1 c.c. extr. of fibrin |11.25a.m.) 11.35 | 10’ 
E | 2 ce. do. +1 NaCl 6°/, 11.25 ,, | none 
F | 2ac, do. + 2 ¢.c. CaSO, solution|}11.25 ,, | none 


These experiments show that calcium sulphate alone is not capable 
of bringing about the changes involving coagulation. A ferment body 
must be present also. When this ferment is present’, addition of 
CaSO, accelerates the coagulation, in solutions of pure fibrinogen or in 
hydrocele fluid, as well as in different blood-plasmas. — 


The next point investigated was whether it is possible to have 
coagulation in the absence of CaSO,. This point possesses con- 
siderable interest, for in normal coagulation the salt is probably always 
present, whatever may be the part it plays. An examination of the 
salts met with in the ash of blood shows that calcium is always there, 
in quantity corresponding to ‘298 per thousand as calcium phosphate, 
according to Schmidt’, and to ‘173 per thousand as CaO according to 
Pribram. There is also a quantity of SO, present. I have shown in 
this paper*® that as little as 001 gr. °/, added to a non-clotting plasma 
materially hastened the onset of the clotting. In blood there is according 
to the figures quoted enough calcium to form °042°/, of CaSO,, and it 
seems quite probable that this will normally act in coagulation. In the 
analyses quoted the Ca is not given as sulphate, but whether or no it 
exists as such in the blood cannot be stated from quantitative analyses 
of the ash, the combinations given by different chemists being hypo- 
thetical only. There is no reason why a good deal of it at least should 
not exist as sulphate. When we examine fibrin decomposed by sodic 
chloride or other neutral salt the resulting solution always contains a 

1 Compare pages 368, 369. 


2? Gamgee, Physiol. Chem. Vol. 1. pp. 69, 70. 
3 Page 356. 
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quantity of calcic sulphate, and this however long the decomposition of 


_ the fibrin has taken. In fact this salt seems to be a constituent of fibrin. 


I have already alluded to the fact that in our previous work on the 


fibrin ferment Dr Lea and myself found in the case of the purest 


product we could get, the ash consisted almost entirely of this calcic 
sulphate, and this although we had used nothing but chemically pure 
salt (NaCl) in our extractions. The first way of getting rid of the 
calcium sulphate that suggested itself was long-continued dialysis. The 
nature of the proteids in the blood demanded however that this dialysis 


- should not abstract the NaCl or they would be precipitated. Instead 


therefore of dialysing with water outside the membrane, normal saline — 
solution (NaCl °6°/,) was used instead. 
_ The first experiments were made on plasma kept from clotting by — 
peptone. Peptone itself dialyses, but with much less rapidity than 
crystalline salts. It is most probable too that the peptone in such 
plasma is not there unchanged or in a free state. At any rate it 
escapes detection by the usual tests, nor does any appear in the 
dialysate if such plasma be dialysed. : 

It was found that exposure to dialysis of a ceoribed solution of 
CaSO, in normal saline solution led to the elimination of the CaSO, in 
two daya if the outside fluid (normal saline solution) was repeatedly 
changed and large quantities used, To ensure the absence of it from 
the plasma, the latter was allowed to dialyse for three days. 

This dialysed plasma was diluted to five times its volume with 
normal saline solution and a quantity of it put in the warm bath in a 
tube labelled A. This did not clot for 6 hours, after which it was 
treated as described later. This resistance might be accounted for 
possibly in two ways: Ist, The restraining influence of the original 
peptone injection might persist or, 2nd, The absence of CaSO, might 
preclude the possibility of clotting. Now peptone plasma can be 
readily clotted by passing a stream of CO, through it’, whether it be 
diluted or not. A stream of CO, was passed through another quantity 
of this diluted plasma for some time and it was labelled B and put in 
the warm bath. Like A it refused to clot, remaining fluid for 6 hours. 
The CO, was hence unable to do away with the hindrance to coagulation, 
a result which makes it unlikely that the absence of clotting in the 
dialysed plasma was due to the same cause as that which kept the 
plasma fluid at first. After the expiration of the 6 hours the tube A 


1 Compare experiments quoted on page 357. 
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was removed from the bath and its contents divided into two, which 
were put into fresh tubes labelled A, and A, respectively. To A, a 
little CaSO, was added; it clotted in 6 minutes. Half an hour later 
the fluid in A, was again divided into two, and to half a little CaSO, 
was added; coagulation took place in 5. minutes. The other half 
continued fluid for a considerable time longer. Finally, a little CaSO, 
was added to it, and at the same time a similar quantity was put into 
B, through which the CO, had been passed, and both clotted slowly. 
This behaviour of B is at variance with that of peptone plasma after 
CO, and CaSQ, as detailed before’, and confirms what has just now 
been said as to some change having taken place by which the 
restraining influence of the peptone injection had been affected. — 
The following table shows the effect of adding CaSO, to er 


peptone plasma. 


Tube Containing Bath at | Clotat | Time 
D | 5c.c, plasma dil. to 5 vols + 5... CaSO, solu-| 5.8 p.m. | 5.27 p.m | 19’ 
tion in *6°/, NaCl 
E | 5eac. was: +5c.c.°6°/, NaCl | 5.8 ,, | none formed 
F | 2c.c. undiluted plasma + excess of CaSO, 5.8 ,, | 5.19p.m.! 11’ 
in powder 
GI do. + nothing none formed 


The last experiment I do not lay much stress on, as it seems possible 
that the extent of surface in contact with the plasma might have intro- 
duced an element of error. 

These experiments, as pointed out, admit ae of two interpreta- 
tions. Either the plasma did not clot because of the original restraining 
influence of the peptone, or because of the absence of CaSO, Against 
the former view may be advanced Ist, the difference in behaviour on 
treatment with CO,, both in failing to restore the coagulating power 
and in preventing the subsequent action of CaSO, and 2nd, the rapidity 
with which the clotting took place.on addition of CaSO, the latter on 
normal peptone plasma always working very slowly. On the other 
hand they lend great support to the other theory, that the absence of 
clotting is due to the absence of CaSO, and so far as they go they 
return an answer in the negative to the question put above. 


1 Compare page 358. 
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The next experiments were made on plasma that was kept from 
clotting by cold. In order to dialyse this a special form of apparatus 
was necessary. A narrow glass vessel about 3 feet long and 4 inches in 
diameter was enclosed in a metal case and the space between the two 
was packed with ice. An outer jacket of sawdust surrounded the tube 
containing the ice. The tube was connected with a smaller tube at its 
lower extremity, by means of which the contents could be drawn off 
without disturbing the general arrangement. This was closed by a 
clip. Hanging freely into this vessel was a long tubular dialyser made 
of parchment paper. The glass vessel was maintained by this means at 
_a temperature of about 1°C. It was filled with normal saline solution 
which was periodically renewed. 

The results obtained in this case were not so striking as in the 
last. 

As the dialysis continued, the time taken to clot when a little was 
removed and put in a warm temperature became longer and longer, till 
it remained fluid for 20 hours at a temperature of 40°C. On adding 
calcium sulphate, even in small quantity, clotting ensued after an 
interval of 4 or 5 hours. 

I had not unfortunately an opportunity of repeating this experiment, 
as no more blood was at the time available. 

Side by side with the last experiments some were made with plasma 
kept from clotting by MgSO, which were in many respects the most 
satisfactory of all. A typical experiment is subjoined. The plasma had — 
been dialysed at 1°C. for a week before the experiment was made. : 


Tube Containing Bath at | Clot at | ‘Time 

i 
C | 2cc. MgSO, plasma 11.50 a.m. 5.20 p.m.) 54 hrs, 

+ 5e.c. CaSO, solution 

D | 2 do. do. +5ec. N aCl 6°), 11,50 ,, none formed 
E | 2 do. do. +2 cc. CaSO, solution | 11.50 | 9.20 p.m.| 54 hrs. 
F | 2 do. do. +200. NaCl 6 tte 11.50 ,, none formed 
G | 2 do. do. + CaSO, solution | 11.50 » | 95.20 p.m.) 54 hrs. 
H | 2 do. do. NaCl 11.50 ,, none formed 


So long as CaSO, was not present, clotting did not take place. 
After adding it, clotting set in although slowly. The dialysate of the 


plasma gave no prempiiote with BaCl, so that neither Ca nor Mg 
sulphate was there. 
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_ The time which was taken up before clotting set in depended on 
the amount of fibrin ferment present. In a later series of experiments 
some observations were made bearing on this point. Some dialysed 
MgSO, plasma similarly prepared was used, and diluted with 4 times 
its bulk of normal saline solution. To 5 c.c. of this diluted plasma, 
l ce. of strong extract of washed blood-clot was added. This extract 
had been dialysed till free from CaSO,. No coagulation at all took 
place, though the tube stood for 24 hours, On adding CaSO, to a tube 
similarly prepared clotting took place in 5 minutes. 

In another experiment undiluted plasma was used; 5 c.c, of this 
were exposed to the action of 1 cc. of the ferment solution for half an 
hour without effect. To half of it were then added 3 c.c. CaSO, solution 
and to the other half 3 ¢.c. of normal saline solution, The former clotted 
in 5 minutes, the latter was fluid after 24 hours. 

CaSO, solution added to the plasma without addition of ferment 
caused clotting in about half an hour. There would of course be some 
ferment present in the MgSO, plasma, though not much. 

Another method of freeing the plasma used from CaSO, was tried, 

viz., the addition of BaCl,. This by interaction would replace the 
CaSO, by CaCl,, which had been proved to be inert, and would itself 
become BaSO,, which also bad been shown to have no action on the 
process. 
The addition of BaCl, to plasma was found to delay the coagulation 
very materially. For as long as two days such plasma remained liquid. 
In all my experiments however it clotted eventually. In order to 
obtain even this partial result, it was necessary to add an excess of 
BaCl,. Possibly the final clotting was due to traces of the CaSO, 
remaining unprecipitated. 

On the behaviour of BaCl, more experiments are necessary, but so 
far as these go, they point to a hindrance caused to the clotting by 
interference with the CaSQ, present. In several cases, addition of 
further quantity of CaSO, after the action of the BaCl, caused a slow 
coagulation. 


Seeing then that calcium sulphate is instrumental in bringing 
about coagulation when added to a plasma which shows but little or no 
tendency to clot, and that coagulation in its absence is almost or quite 
prevented, the nature of its action must form an interesting subject of 
enquiry. By itself it cannot cause clotting in a plasma which contains no 
ferment, but where the latter body is present it causes the action to be 
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accelerated. A possible suggestion is that it liberates or developes the 
ferment from some antecedent condition, and that the latter then causes 
the clotting. This may be stated briefly in the questions: Does the 
fibrin ferment exist as a zymogen in plasma? and is such 
zymogen converted into ferment by the action of CaSO,? 
That the ferment does not exist as such in the circulating blood under 
normal conditions has been proved by Schmidt’, who found that when 
- blood was shed from a living animal directly into alcohol and the 
proteids extracted with water after about three weeks’ exposure to the 
spirit, no ferment power was present in the extract. If the blood had 
been allowed to clot before being mixed with the spirit, the extract 
similarly prepared was very active in setting up coagulation. 

The conversion of some antecedent into ferment, or the liberation of 
the ferment from some combination, must have immediately preceded 
the onset of the coagulation, and hence the fibrin formed and the serum 
left behind would both include a quantity of the ferment. . | 

Experiments were made to test the accuracy of the theory that this 
conversion of zymogen was the part played by the CaSO,,. 

The lines on which they were carried out were these: In the fresh 
blood before clotting takes place at all some antecedent of the ferment 
must exist, or the ferment itself be there in some combination. The 
precipitate of such blood by alcohol will contain that antecedent, just as 
the precipitate of defibrinated blood by alcohol contains the actual 
ferment. If this antecedent be a zymogen it will be soluble in water 
just as the ferment is, judging from the relations between zymogen and 
ferment in the digestive tracts. The extract of the fresh blood pre- 
cipitate will therefore contain the zymogen. If this be submitted to 
the action of CaSO,, supposing this hypothesis be correct, the zymogen 
will be converted into ferment and the extract will have its clotting 
power increased in proportion to the amount of zymogen converted. It 
is now possible to remove the CaSO, by dialysis and so to return as far | 
as that salt is concerned to the composition of the original extract. A 
comparison now of the original extract and the one which had been 
treated in the way described will show wayenee any ferment has been 
developed thereby. 

Several such experiments were made, of which two are subjoined :— 

Some horse’s blood which had been kept from clotting by cold was 
precipitated by large excess of alcohol. After standing for some weeks 


4 Neue Untersuchungen iiber die Faserstoffgerinnung. Pfliiger’s Archiv, Vol. v1. p. 445. 
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under the spirit the precipitate was separated by filtration, dried at a 
low temperature, and a ‘6°/, NaCl extract made of it. This extract for 
convenience sake I will call U. 
7 To 20 c.c. of it 20 cc. of solution of CaSO, were added and the 
mixture warmed to 40°C. for an hour. This extract I will call U,,. 

Half of U, was then submitted to dialysis to get rid of the CaSO, normal 
salt solution being kept outside the dialyser. This extract may be 
called U,. To be able to ascertain when the extract had lost its CaSO, 
a control dialyser was used, labelled E, which contained 10 cc. of 
semisaturated solution of CaSO, in normal salt solution. When this 
control showed no trace of sulphates it was presumed that U, had also 
been freed. Another control was made by dialysing some of U to which 
no CaSO, had been added. here were then ready for experiment four 
solutions. 

U. Salt extract of the fresh blood precipitate. 
The same warmed with CaSO, for an hour. 

U,. The last, with the salt (CaSO,) removed by dialysis. 

U,. The original salt extract dialysed. 

If now the CaSO, had converted zymogen into ferment, U, should 
be more active than U. If no zymogen had been converted, then 
supposing the extracts were tested on MgSO, plasma, there should be 
no quickening of the normal rate of clotting in this plasma, except with 
the extract U,, and this would quicken it not by virtue of any ferment 
contained in it but only in consequence of containing some CaSO,,. 

The experiment made with these extracts is subjoined :— 


Tube Containing Bath Clot (Time 
U | 10c.c. plasma +lc.c. extr. U+1lec NaCl} 4.13 4.40 | 27’ 
Ui U, + 1le.c.°6 NaCl 
A;10_ do. + 2c.c. of the dialysed control E ‘ 4.38 | 25’ 
do. + 2c.c. normal saline solution 4.38 | 25’ 
C{10 do. + 2c.c. CaSO, solution | ” 4.27 | 14 


U and U, were diluted as above because of the original dilution in 
making up U, from U. A, B and C were controls. 


There was clearly no evidence of any zymogen conversion. U and 
U 


, went together. The normal rate of clotting of the plasma used 
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was shown by A and B to be 25 minutes. C and U,, which contained 
CaSO,, quickened this, bringing it about in about half the time. —_ 
U and U, took a trifle longer than the normal. 

In another experiment conducted on the same lines, but using 
pericardial fluid instead of MgSO, plasma to test the extracts, there 
was again given no evidence of any such action as the conversion of 
zymogen. The extracts U and U, used in this were not the same as 
those in the preceding experiment, but were prepared similarly. The 
details are subjoined :— 


Tube Containing Bath Clot | Time 
E | pericard. fluid + 10 c.c. U, 4.26 none 
F | 2 do. a 
Gi 2 do. + 10c.c. *6°/, NaCl | 
H | 2 do. +10ce. CaSO, solu. in < ve 
°/, NaCl 
do. +9cc.°6°/, NaCl + lec. 4.50 
extr. of fibrin 


The pericardial fluid was not clotted by either the U or U, extract, 
showing that no ferment was present in either of them, for where 
active ferment was added (tube I) clotting took place normally. 

Similar experiments performed with extracts of the precipitate 
from defibrinated blood showed that there was no increase in its 
activity brought about by the treatment adopted. It is probable from 


- analogy with extracts of gastric mucous membrane that both zymogen 


and ferment would be contained in an extract of the precipitate, and 
hence on the hypothesis under examination some such increase of power 
might be expected. | 
The experiments detailed on p. 365, also bear against this theory, 
as in them there was used a very large quantity of ferment, more 
than could probably be in any condition in the amount of plasma 
used, This hypothesis therefore cannot be maintained. The action of 
the CaSO, is connected in some way with the working of the ferment 
and not with its liberation or formation. That it helped the ferment 
in producing the fibrin seemed undeniable from noticing the 
behaviour of plasma to which it had been added. This had not 
however been submitted to actual proof by comparing the action of 
ferment alone with ferment + CaSO, on a fluid which CaSO, would not 
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cause to clot. Some fibrinogen solution was prepared in the manner 
already described and tested with ferment and with ferment + CaSO,. 
One of several experiments, all having similar results, is subjoined :— 


Tube Containing Bath at Clot | Time 


‘ 


lc. fibrinogen solu. +2¢.c. 6°/,NaClsolu. | 11.38 11.55 | 17’ 
+ c.c. extract of fibrin 

F | 1 c.c, fibrinogen solu. + 2 ¢.c. CaSO, solu. 11.38 11.48 | 10’ 
+ ‘Ol c.c. extract of fibrin 


In all these experiments evidence was afforded that the CaSO, 
helped the ferment in its working, and did not act by increasing the 
quantity present. In the above experiment there was no amount of 
zymogen present, ‘01 cc. extract of fibrin being very unlikely to 
contain any. 

The nature of the action thus helping the ferment seems very 
obscure. On considering the fact that CaSO, can be obtained from the 
fibrin by decomposing it with neutral salt it seemed a possible explanation 
that the fibrin was formed by the union of the fibrinogen and the CaSO,,. 
If this should be the case the amount of fibrin formed from fibrinogen 
would depend on the amount of CaSO, present, for the union would be 
doubtless a true chemical combination. 

To test this view a series of experiments was made. 

_A quantity of MgSO, plasma was dialysed till quite ie from 
sulphates. Five beakers were taken, labelled A—E, and in them 
different quantities of CaSO, were added to 50 cc. of the dialysed 
plasma. They then contained as under. 

A. 50cc. plasma + gr. of CaSO,. 

» 


E. 50 ,, » + nothing. 
They were then all allowed to stand; E did not clot at all, but the ~ 
others did so gradually. 


The fibrin was taken carefully from the beakers, washed and dried 
and weighed. The quantities obtained were A, 021 gr. B, ‘024 gr. 
C, ‘0215 gr. D, ‘018 gr. These did not at all follow the variations in 
the amount of CaSO, added. It might be that A, B and C, which 


| 3 
j 
j 
2 
a 
a 
4 


370 J. R. GREEN. 


produced about the same quantity of fibrin, having the same amount of 
fibrinogen had allowed the latter to combine with what CaSO, it needed, 
the rest being unused. If so the tube D, which contained the same 
amount of fibrinogen, could not have had enough CaSO, to combine 
with all the fibrinogen, and must consequently after the clotting 
contain some fibrinogen not used up. In this case addition of more 
CaSO, would enable this also to form fibrin. Some more was con- 
sequently added but even after long standing no more fibrin was formed. 

These experiments therefore negative the idea that fibrin is the 
result of a union between fibrinogen and CaSQ,. 

Another theory that may be advanced to account for the action is 
that. the CaSO, plays the same part in the coagulation of blood that 
-Hammarsten’ has discovered calcium phosphate to play in the 
coagulation of milk. He has shown that casein, which is the proteid 
affected in milk, exists in two conditions, one of which closely resembles 
alkali-albumin and the other may best be called cheese, The transfor- 
mation of the one into the other is brought about by a process of true 
coagulation under the action of the rennet ferment in the stomach. 
To enable the conversion to be brought about, Hammarsten says the 
presence of calcium phosphate is necessary, and that its mode of action 
is the following—the rennet ferment produces the change in the casein 
but this is not made to separate out unless the calcium salt is there, the 
latter causing the separation. 

There is considerable similarity between the coagulation of milk 
and that of blood, Both are held to be ferment actions; both bring 
about changes in a proteid body, in virtue of which it assumes an 

insoluble instead of a soluble form; the physical features of the two 
clots are alike; in both cases after the clot is formed, a shrinkage 
takes place, whereby a fluid (whey in one case, serum in the other) is 
squeezed out of the clot; and both processes are connected with the 
presence of particular salts of calcium. 

If then the action of CaSO, is to separate from plasma the fibrin 
after the latter has been formed by the action of ferment on fibrinogen 
there should be a difference in the time taken up in the process by the 
CaSO, when the latter is added some time after the ferment has been 
working and when both ferment and CaSO, are added together. On 
the hypothesis stated, the two bodies do not work simultaneously but 
the action of the ferment precedes that of the salt. The clot should 


1 Jahresbericht der Thier-Chemie, tv. 8. 135, 1874. Zur Kenntniss des Caseins und 
der Wirkung des Labfermentes, Upsala 1877. 
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therefore appear at a less interval after adding the CaSO, when. the 
ferment has been allowed to work before the salt is added, than when 
both are added together. 

Some dialysed MgSO, plasma was taken and found to be quite 
uncoagulable with ferment alone, however strong the latter was. le.c. 
of this plasma was mixed with lc.c. of dialysed ferment solution 
(washed blood-clot extract) and 5 c.c. of normal saline solution. It 


was warmed in a water bath at 40°C. for two hours. Then it was 


divided into two, and to half of it 2°5cc. of CaSO, solution in normal 
salt solution was added. This was labelled A. At the same time 
that this was done, to another tube previously prepared with MgSO, 
plasma and salt solution like the first, a mixture of 25c¢.c. CaSO, 
solution and ‘dc.c. ferment extract was added. This was labelled D. 
Both were placed in the bath. The mixture of ferment and salt 
had been made for 2 hours. To the other half some time later the 
- same quantity of CaSO, solution was added, and another tube D, was 
simultaneously started which had all its components mixed at the 
same time. These two were also put in the warm bath. 

There was no such difference in the times of clotting as on the 
hypothesis there should have been. It made hardly any difference 
whether the ferment and salt were added together or not, and what 
slight differences were noted were not uniform, some being in one 
direction and some in the other. 

Obviously therefore this explanation fails. The only other sugges- 


tion that presents itself is that there is some definite relationship , 


between the ferment and the salt resembling that found to obtain 
between pepsin and hydrochloric acid. There is considerable resem- 
blance between the working of the two ferments, in that neither 
can act without the presence of its inorganic ally, nor can the latter 
bring about the change in the absence of the ferment. 

I proposed originally in starting on this work to try also to in- 
vestigate the nature of the hindrance to coagulation caused respectively 
by MgSO,, cold, peptone, and leech extract. I have however so far 
made only a few experiments on these points, and therefore I have 
deferred them. 
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NOTE ON THE ACTION OF SODIUM CHLORIDE IN 
DISSOLVING FIBRIN. By J. R. GREEN, BA., Demon- 
strator of Physiology in the University of Cambridge. 


(From the Physiological Laboratory, Cambridge.) 


THE question of the solution of fibrin after it has once been formed 
has been for a long time a subject of controversy. Denis drew a distinc- 
tion between that which is formed from arterial and that from venous 
blood, saying that while the former was insoluble in 10°/, solution of 
NaCl, that from venous blood was soluble’. Further controversy has 
taken place as to the nature of the proteid thus said to be in solution 
after the action of the salt, some holding that a transformation takes 
place during the process whereby the fibrin is changed into a member 
of the globulin family, and others that the reactions which indicate 
such a change are dependent on the salt present, and that the fibrin 


_ when quite free from the latter manifests its own properties and shows 


itself to be closely related to the albumins, if not to be an albumin 
itself. It has been further argued that the changes observable do not 
take place until putrefaction sets in, and that they are consequently due 
to the latter cause. 

In 1874 Gautier published a paper in which the second of the 
above views of the nature of the soluble proteid was strongly main- 
tained*. He says that the solution in 10°/, NaCl shows characters 
which point to fibrin being intermediate between albumin and casein ; 
like the former it coagulates on heating and on the addition of mineral 
acids, and like the latter is precipitated by MgSO, and by weak acetic 
acid. He further says that the reactions which apparently show a 
difference between it and albumin disappear with the salt. He dialysed 
it, he says, till it was free from salt, avoiding putrefaction by the 
presence of HCN, and then evaporated it in vacuo at 45°C., getting a 


1 Gamgee, Physiological Chemistry, p. 36. 
* Comptes Rend. 1874, vol. 11. p. 227. 
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neutral solution which coagulated on heating to 61°C., and on addition 
of mineral acids gave a precipitate with corrosive sublimate, but not 
with weak acetic acid nor with CaSO, and other salts. 

Wurtz says that on putrefaction in the open air fibrin yields a 
considerable quantity of albumin. 

Hoppe Seyler’ supports the view that fibrin is changed into a 
globulin body, having the characters of paraglobulin. The reactions he 
gives for it are 

1. It is precipitated by saturation with solid NaCl. 

2. It is precipitated on dilution with water. 

3. It does not coagulate under 60°C. 

4. It does not form fibrin again when mixed with defibrinated 
blood. 

He also argues that the changes are due to putrefaction. 

The questions involved in this controversy are maiuly three. Ist, Is 
fibrin dissolved by neutral salt solutions? 2nd, Is putrefaction necessary 
for the process? 3rd, Can fibrin as such be recovered from the solution 
or is it replaced by other bodies. Putting this into slightly different 
forms it becomes, Is fibrin dissolved or is it not rather decomposed by 
solutions of neutral salts? A fourth point closely connected with this 
third one, if not included in it is, What bodies replace the fibrin if the 
process is one of decomposition ? 

To answer these questions I carried out at the suggestion of Dr 
Sheridan Lea a series of experiments, the results of which I 
subjoin. 


1. Ls fibrin dissolved by salt solutions ? 


Some quantity of fibrin was collected by whipping a quantity of 
bullock’s and sheep’s blood in contact with air. It was always of bright 
scarlet colour on separation, and hence may be said to be from 
arterial blood. It was carefully washed in several changes of water, till 
it was quite free from haemoglobin and till the water gave no proteid 
reactions. Then it was chopped fine and put into sufficient 10°/, 
solution of NaCl to cover it. After standing under this for 24 hours it 
was removed, and strained through a cloth. The resulting fluid was 
markedly opalescent, and would not become clear on filtration. On 
boiling it there was a marked coagulation, and the liquid gave a very 


1 Phys. Chem. p. 417. 
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pronounced Xanthoproteic reaction. Evidently a quantity of some 
proteid had gone into solution. The fibrin was freed from moisture 
by squeezing in a press, chopped again, and again covered with the salt 
solution. This process was repeated every day or every two days, with 
always the like result, the fibrin becoming less and less with each 


successive extraction. Gradually disappearing thus it became more 


and more of a slimy consistency as the quantity lessened, always 
being quite firm and leathery again after the pressing. Relatively the 
quantity passing into solution became greater as the end of the experi- 
ment approached, till after the 29th extraction it might all have been 
said to have been dissolved, for nothing that could be pressed was left. 
It was only then a very thick opalescent solution. 

I made a series of experiments to determine roughly what was the 
rate of the solution but the results are only approximate, as I could not 
be sure that I extracted the moisture by pressing the fibrin to the 
same extent after each weighing. 

Beginning with 33 gms. of pressed fibrin, after the first extraction 
there was a loss of 2°06 gms.; after the second a loss of 1°9 gms., and 
after each of three subsequent ones an average loss of 1°7 gms. The 
process therefore seemed to be gradual and regular. The time needed 
to complete the disappearance was 32—35 days. 

Other strengths of solution of NaCl also caused the solution of the 
fibrin; 5—8°/, worked equally well, and nearly as rapidly as the 10°/,. 
A seltstion containing as little as ‘6°/, of NaCl worked a little more 
slowly. 

A saturated solution of calcium sulphate behaved similarly. 


2. Is putrefaction necessary for the solution ? 


The experiments recorded above were carried out in winter at a 
temperature a little above freezing point, and no antiseptics were used. 
It was found that with a salt solution so strong as 10°/, there was no 
danger of putrefaction at the low temperature. No bacteria appeared 
in any such solution during the course of the experiment. On the 
other hand it was needful to use antiseptics hae the weak salt solution 
and with the solution of CaSO,. 

In the experiments already quoted the results were arrived at in 
perfect freedom from all putrefaction; as were those which will be 
detailed in connection with the third question suggested. 
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3. Is the fibrin dissolved or decomposed by the salt solution ? 


According to Gautier, the fibrin passes into simple solution, and 
after dialysis can be obtained pure, in which condition it gives the 
reactions of an albumin. This seems a priori improbable, as fibrin has 
an antecedent which is undoubtedly globulin in nature, viz, fibrinogen. 
According to Hoppe Seyler on the other hand it has been transformed 
into a globulin in dissolving. The point is not difficult of determination, 
for albumins differ conspicuously from globulins in being soluble in 
distilled water, while the latter require some neutral salt in the solution 
before they will dissolve. Some of the extract of fibrin in 10°/, NaCl 
was submitted to long-continued dialysis, so long as a trace of salt could 
be discovered in the dialysate by the aid of AgNO,. The process was 
a long one, for the last traces of salt were extremely hard to get rid of. 

_ As the dialysis progressed, more and more solid matter was precipi- 
tated in the dialyser and the coagulum formed on boiling became less 


and less. After about 10 days’ dialysing, the dialysate, which had been | 


changed every day, sometimes twice a day, gave no reaction with AgNO, 
and then no proteid could be detected in the filtrate of the contents of 
the dialyser. This-result is in direct opposition to Gautier’s statement 
that after getting rid of the salt he had a body in solution which he 
separated out and found to be an albumin, I cannot after several 
experiments confirm his results, for my solutions always deposited their 
proteid contents part passu with the abstraction of the salt. As long 
as the filtrate from the dialyser gave even an opalescence on boiling, 
I found that a trace of salt could be seen on addition of AgNO,. 

The next experiments made bore upon a further difference between 
albumins and globulins, the latter being precipitated completely from 
their solutions by MgSO,. I found that the solution was freed from 
proteid matter by this process just as by dialysis. Saturation with 
NaCl was not so effectual, a good deal of precipitate falling, but some 
proteid was left behind, for there was always a coagulum on boiling the 
filtrate from the excess of salt. 

The body, whatever it is, evidently then belongs to the globulins and 
not to the albumins. The question still remains is it fibrin in solution 
or has it properties which fibrin does not possess? - 

All the precipitate obtained by dialysis was soluble in a solution of 
10°/, NaCl just as the fibrin itself was originally. It dissolved however 
very readily instead of with the extreme slowness that marked the original 
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process of solution. On treating this precipitate with 1°/, NaCl instead 
of 10°/, a difference was evident. A considerable quantity, probably 
about four-fifths, dissolved very quickly, but the rest remained in 
suspension and settled to the bottom of the beaker. Addition of further 
quantity of the 1°/, salt solution did not take it up. It was therefore 
filtered off and put into fresh 1°/, salt solution and left standing in this 
for 18 hours. It was then filtered again and the filtrate was found to 
contain no proteid matter whatever. This residue was consequently 
insoluble in 1°/, salt solution. It readily dissolved in 10°/, | 

Evidently therefore the fibrin was by the action of 10°/, salt solution 
decomposed with the formation of two other bodies, both globulins in 
nature. 

A confirmatory experiment was made in a different way. Some of 
the extract of fibrin in 10°/, salt solution was taken and diluted till the 
solution was only 1°/, strong. On standing a little while a flaky 
precipitate slowly separated out. 

The solutions of the two globulins were then examined separately. 
The first one, which was soluble in both 1°/, and 10°/, NaCl, gave the 
following reactions : 

It coagulated on heating at 56°C. 

It was precipitated in presence of K eCy, by a single drop of 
acetic acid. 

It was readily converted into syntonin and into alkali-albumin. 

It was not precipitated by weak acid. 

The second one, which was soluble only in 10°/, NaCl, was marked 

by the following reactions : 

It coagulated on heating at 59°—60°C. 

It was precipitated by weak HCl (a few drops of 4°/,). 

It was precipitated by K,FeCy, and acetic acid only when the 
solution became fairly acid. 

It was readily converted into alkali albumin but not into syntonin. 
The acid added for the latter purpose precipitated it, and in 
suspension it was not acted on. 

In some of its reactions the former body recalls the behaviour of 
fibrinogen. 

The reactions which Hoppe Seyler gives of the body he found 
produced by putrefactive changes suggest that he suspected his body 
might be fibrinogen also. Neither of the two however will yield a clot 
on being treated with fibrin ferment, either alone or with defibrinated 
blood. Nor does either agree with fibrinogen in its behaviour with 
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sodium chloride, the latter being precipitated by 13—16°/, and 
afterwards, on adding more salt, being redissolved, coming down 
finally on saturation. Addition of salt (NaCl) to 16°/, to the extract 
or solution of fibrin gave no precipitate. On gradually increasing 
the amount, the precipitate began to appear and more and more 
came down between about 23°/, and saturation. Hoppe Seyler 
says his body had the characteristics rather of paraglobulin. The 
latter behaves just as described with salt, but the resemblance fails 
when the coagulating point is taken into account, paraglobulin 
coagulating at about 75°C. In the extract of the fibrin nothing 
remained in solution at a temperature above 60°—65°C. 
_ The outcome of the experiments then may be thus stated:— | 
Fibrin on being acted on by solutions of neutral salts of 5—10°/, 
strength is decomposed with formation of two fibro-globulins, which 
differ from each other as to their coagulating points, their solubility 
in 1°/, salt solution, and their behaviour with acids. Neither body 
corresponds to either fibrinogen or paraglobulin, and they cannot be 
made to re-form fibrin. The change is brought about quite apart 
from putrefactive influences. 
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THE SECRETION OF THE GALL BLADDER. By DE 
BURGH BIRCH, M.D., F.RSE, Professor of Physiology, 
Yorkshire College, AND HARRY SPONG, B.A. Oxon., Student 
of Medicine’. 


THE fluid was obtained from two women upon whom the operation 
of cholecystotomy had been performed for distended gall bladder’, a 
fistula remaining in each case as a result of the operation. 

From these openings there was a constant flow of a clear and 
somewhat viscid fluid, which was held to be the normal secretion of the 
gall bladder for the following reasons. 

1. No pathological condition of the cystic wall could be made out 
in either case whilst it was under manipulation during the operation. 
The distension of the gall bladder was believed to be due to local 
changes in the walls of the cystic duct, which caused its occlusion. 

2. No bile constituents were found in the fluid at the time of 
operation or for a long time after, the bile channels were therefore 


completely closed off. A few small bleached gall stones were removed 


when the cyst was first opened. 

The fluids were first examined nearly two years ago, October 1885, 
and there has latterly (April 1887) been an opportunity of re-examining 
it in one case. 

. The account given here is founded upon data obtained at the ~ 
first examination, and these have been confirmed upon — 
analyses. 

The length of time which has elapsed since the operations were 


performed, the unaltered nature of the fluid and the good health of 


1 Late Assistant in the Physiological Laboratory, and to whom I am indebted for the 
care with which he performed the chemical examination made at the time, 1885, 

2 A. W. Mayo Robson, F.R.C.S., Surgeon to the Leeds General Infirmary, performed 
the operations and asked me to examine the secretions, For a report of the operations 
see Brit. Med. Journ, 1885, vol. u. p. 833. | 
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the one patient still under observation’ are additional reasons for the 
belief that the secretion is the normal product of the cystic mucosa. 
The fistula had been in existence six weeks in the one case (Miss S.) 
and twelve in the second (Mrs B.) when the collection of the secretion 
was undertaken. 


The fluid was caught in a light glass flask into the mouth of which ~~ 


It was guided by means of a celluloid cannula, a substance chosen after 
several trials with metal ones on account of. its lightness and non- 
irritating qualities. 

The fistulae which were lined up to the neition of the skin by the 
cystic mucous membrane were very sensitive to pressure and the 
collection was several times suspended on account of the advent of a 
purulent condition of the fluid. The weight of the cannula and its 
pressure were proved to be the cause of this, for on the removal of the 
comparatively heavy metal tube the purulence ceased, and on the 
substitution of the celluloid one only occurred twice, when its return 
was completely avoided by removing the cannula at night. 

The quantity produced in 24 hours was not ascertained with 
certainty since much escaped by the side of the cannula, a loosely fitting 
one being alone tolerated by the sensitive mucosa. 

Rather more than 20 c.c. in 24 hours were actually collected, a third | 
and sometimes more being lost. The quantity was about the same in 
each case. 

A ppearance and physical properties of the secretion. At times quite 
clear, at others slightly opalescent, almost colourless, of the tint of a weak 
solution of gum arabic. When fresh, viscid; after standing some hours 
this feature became less marked owing to the gravitation of the mucin. 
There was a faint ill-defined odour which in some specimens rather 
resembled that of castor oil. 

No formed elements were present beyond a few leucocytes. 

Specific gravity varied from 1011 to 1012 at 12°5°C. 

Chemical properties. Distinctly and persistently alkaline. 

As the result of numerous determinations it was found that the 
loss on drying at 100°C. varied from 97°715°/, (Miss S.) to 97:97°/, 
(Mrs B.); the extreme variations not exceeding ‘04°/, in each case. 

The loss due to organic matter on incinerating the dried residue is 
shewn in the following series, 


1 The other went te her home in Germany a few weeks after the section and was lost 
sight of. 
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A 


Organic | 1:106 | 1°134 | 1-185 | 1-309 
Inorganic ‘859 | °894| ‘896| °845| ‘721 


2°285 | 2054 | 2:03 | 2:03 | 2:03 


This shews that though the total quantities of solid and of inorganic 
matters (excepting in column E) remained fairly constant yet the ratio 
of organic to inorganic matter varied considerably ; on reference to the 
samples of fluids some were clear and limpid, others thicker and almost 
ropy, the difference in viscosity depending upon the mucin present. 
The most viscid, as in the samples A and E, had the highest ratio of 
organic to inorganic matter. 

The two fluids were identical as to component substances. 

Organic constituents. Mainly mucin with traces of albumin (alkali ?). 
No bile salts were ever found and there was no urea or sugar. 

Inorganic constituents. Chlorides, carbonates and phosphates of 
sodium and potassium. 

The quantity of chloride in the dried and incinerated residue varied 
from 47°36°/, to 48'25°/. Regarded as wholly combined with sodium 
there would be from 78:23 °/, to 79:69 °/, of sodium chloride in the dried 
residue, or in the original fluid *38°/, to 387°/, chlorine and °628°/, to 

639°/, NaCl. 

The amount of carbonic acid determined by loss (after heating the 
incinerated residue with HCl) varied from 3°185°/, to 3:919°/,, which 
regarded as anhydrous sodium carbonate (Na,CO,) gives 7678 to 
9°448°/,. Half the carbonic acid originally present was evidently lost in 
the process of evaporation and incineration—as the form in which it 
would occur in the fluid would be the hy drogen sodium carbonate 
HNaCo,. 

Phosphoric acid was found in the fluid and the incinerated residue 
(ammonium molybdate and uranium acetate). An attempt to determine 
its quantity with magnesia mixture was unsuccessful as there was 
insufficient for weighing after it had stood 24 hours. 

The amount of incinerated residue used for this purpose was over ‘5 
grammes, and at least ten times this quantity (corresponding to some- 
thing like 750 c.c. of the original fluid), would have been required to 
get a weighable amount of the ammonia-magnesian-phosphate ; too 
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expensive a procedure considering the quantity of fluid at our disposal. 
Evidently the quantity of phosphoric acid is not above a trace and this 
is confirmed on adding up the constituents already determined when 
‘117°/, is all that remains for potassium and the phosphates. 

Further when it is considered that the whole of the chlorine and 
carbonic acid is not of necessity combined with sodium alone but in all 
probability with some potassium also the above difference ‘117°/, is still — 
further diminished. 

The alkaline reaction must be attributed to alkaline slic phos- 
| 


Approximate oe analysis of 
Pr gall bladder secretion in 1000 parts. 


Water (and gases) 979-7 
| Solids 20°3 
Organic 

Mucin 

Albumin 
B. Inorganic 

Chlorine 3°84 
Carbon dioxide “29 


Sodium (combined with Cl) 2-50 

Soda (combined with 41 

Potassium salts and 

Phosphates (by difference) 1:17 | 
| 20°30 


Physiological Properties. Digestion with starch. Starch mucilage 
(made with thoroughly washed potato starch) was digested with one-third 
its volume of secretion at the body temperature for five minutes. 
Distinct indications of sugar were given with Fehling’s solution, the 
reaction was roughly tested comparatively with saliva and may be taken 
as less than one third in potency. 

The diastatic action was destroyed by the boiling temperature. 
Various attempts were made to isolate the fermentative agent without 
success, 35 ¢.c. secretion were placed under 70c.c. absolute alcohol (a 
less proportion of alcohol left some proteid substance unprecipitated), 
for two days the dense white pp. was collected on a filter, the filtrates 
proved free of proteids. The residue on the filter was extracted with 
distilled water, and the extract which contained some phosphates and 
chlorides was digested with starch solution, a marked sugar reaction 
occurred with Feblin s solution. 
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The first alcoholic filtrate digested with starch gave no sugar 
reaction. Hence the ferment was soluble in water but not in alcohol. 

Dialysis into °75°/, NaCl through gold beaten skin for 50 hours 
shewed the dialysate to be inoperative on starch, the contents of the 
dialyser being markedly active still. 

Filtration through a porous battery cell, the secretion having been 


_ previously mixed with its own bulk of water, was also tried, about 3 of the 


fluid passed through, that which remained outside was very viscid; the | 
filtrate was inoperative, whilst the residue, which evidently represented 
the mucin which could not get through the filter, was still active. 
Acetic acid destroyed the fermentative action completely and precipita- 
tion of the mucin by acids could not be employed for the same reason. 

Action on proteids and milk. At first some roughly made trials led | 
to the supposition that there was a curdling action but more careful 
experiments shewed that there were no grounds for’ this surmise, the 
viscidity and akalinity of the fluid being taken into account. No 
emulsion resulted with cod-liver oil. 

Antiseptic action. It was. specially worthy of notice that for a 
considerable time after the fluid had been collected it remained 
unchanged in odour and appearance. The cannulae which had been 
employed for its collection had at first been purified antiseptically 
as were also the bottles in which the fluid was received; this clean- 
sing was very soon omitted. The superficial openings when not suffering 
from the pressure of the cannula were clean and healthy looking, and 
when irritation had been set up the removal of the cannula was 
soon followed by a resumption of the normal appearance. These facts 
taken in connection with the cleanness of artificial biliary fistulae made 
it interesting to ascertain if the fluid had any power of actively 
restraining putrefaction. 

Bottles half full of fluid and exposed to the aerial vicissitudes 
of a dusty laboratory remained unchanged for three weeks; the low 
temperature (November) may have had its influence since in the 
warmer months the castor oil-like odour became perceptible sooner. 

Some trials of its protective powers were made soon after the fluid 


first obtained. 


A tube loosely corked containing 4 .c. was left 50 hours in an 
incubator at 38°C.; three days after there was no change; the fluid 
was then touched witli a glass rod which had been dipped in a putre- 
fying fluid. Next day a delicate filament had made its appearance, 
hanging from the surface downwards into the fluid, and it was thought 
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that there was a slight odour. Five days after a slight pellicle was 
seen in the centre of the surface of the fluid; there was a slight but 
perceptible increase in the dependent flocculus, and a discernible 
odour of H,S with a tinge of musk. Two days after the film covered 
the surface entirely. 

At the same period that the tube was placed in the incubator 
ten flasks of sterilized peptone infusion, containing 20 c.c. each, were 
respectively mixed with 1 cc. up to 10 cc. of the secretion. Two 
control flasks, one unopened, the other treated as the other ten, less the 
addition of cystic secretion, were also placed in the incubator. The 
eleven flasks were inoculated with a touch of putrefying fluid. Three © 
days afterwards all the flasks, the closed one excepted, were well on in 
putrefaction. From these trials it was concluded that the secretion 
has no active power of restraining putrefaction, but: that its apparent 
immunity from change is due to its poverty in nourishing material, 
a fact which is emphasised by the small quantity of dissolved substances 
exhibited by the proximate analysis. 

Neither by the naked eye nor the microscope did it ever appear 
that microorganisms flourished in this fluid, and it is worth noticing 
that the presence of a considerable quantity of mucin did not impart 
any power of nourishing bacterial organisms. 

From the foregoing it will be inferred that the secretion cannot 
be regarded as having any important part to play in digestion, the 
small diastatic action it possesses on starch being shared by many 
fluids in the economy upon which it does not confer any special 
digestive value. Its use is no doubt confined to lubricating the walls | 
of the gall bladder, and it adventitiously adds some mucus to the 
bile which comes to repose in it. | 
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ON THE HAEMATOPORPHYRIN OF SOLECURTUS 
_$TRIGILLATUS. By C. A. MAC MUNN, MA, MD. 
(PI. XI.) | 


Solecurtus strigillatus is a mollusk which belongs to the family 
Solenidae. There are twenty-five species of Solecurtus known and the 
specimens referred to in this paper came from the South coast of France. 
Like the nearly allied “ Razor-fish ” Solecurtus buries itself in sand and 
mud, but whether the colour of Solecurtus strigillatus is “ protective” or 
not I cannot say. 

- The specimens which I have examined had been preserved in spirit. 
On looking at such a specimen one is at once struck with the peculiar 
colour which is brown and the whole surface of the animal is more or 
less coloured except where it is attached to the shell. The foot is less 
deeply coloured than the siphons and that part of the body at their 
base. The surface of the foot is peculiarly mottled and on close 
examination the epithelial covering presents a very finely reticulated 
surface, the lines forming the mesh-work being more deeply coloured 
than the minute spaces they enclose.. Where the foot is attached to 
the body the surface is only feebly tinged brown. The annulated 
siphons are more deeply coloured between the rings, and the portion of 
the body from which they arise is mottled a dark somewhat reddish 
brown. 

On examination with the microscope the pigment is seen to be 
distributed—in the foot especially—in the manner shown in Pl. XI. 
fig. 1 from a photomicrograph, which shews that the bulk of the pig- 
ment occurs in the lines forming the mesh-work ; these appear to mark 
the boundary between the epithelial cells or islands and this appearance 
recalls to mind the so-called endothelium cells stained with nitrate of 
silver. 

On careful focussing it is seen that the spaces enclosed by the 
mesh-work are also themselves dotted with pigment and that the 
appearance of the double line forming the meshes is produced by 
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the coloured margins of adjacent epithelial cells which present a 
finely serrated appearance, the serrations being deeply pigmented ; 
a very narrow transparent border occurs still more externally to these. 
serrated margins, which appears to be the real outline of each epithelial 
cell or island ; this is seen well under a } objective. Tortuous channels 
free from pigment are enclosed between the borders of adjacent cells. 
Some of the. cells are channelled by incomplete indentations each edge 
of which appears to be serrated, but the serrations being separated . 
from the lumen of the channel by a fine transparent margin. In some 
places the epithelial surface is merely channelled, the edges of the 
channels as before having a serrated appearance, but the surface is not 
mapped out into islands owing to the channels being incomplete. 

In the siphons the distribution of pigment is different, the edge of 
each ring being deeply pigmented so that the space enclosed between 
successive rings appears dark ; the approximation of the rings not being 
complete leaves however a narrow bright channel between the rings as 
shown in fig. 2. The edges of the rings are wavy and under a quarter- 
inch objective are serrated, while the rings themselves are channelled 
more or less incompletely as shewn in figs. 2 and 3 ; in fig. 3 however being 
slightly out of focus in order to shew the granular appearance of the 
pigment between them. The margins of these channels are also 
serrated. The pigment in the spaces lying between these channels is 
seen under a high power to be deposited in well-defined elongated 
granules, some of which however recall to mind bone lacunae and under 
a zyth objective magnifying about 1030 diameters this resemblance is 
more complete, as they are stellate, but the stars do not send out long 
rays. The darker granules under this magnification are also them- 
selves seen to contain very fine brown granules and on the whole when 
examined by a sufficiently high magnifying power the granular character 
of the pigment is everywhere apparent. 

If we compare these appearances with those presented by the dorsal 
streak of the earthworm which contains a similar pigment as I have 
already shewn', we find that in the latter case the pigment is not 
distributed in a mesh-work but without any definite arrangement, 
although here too the apparently amorphous masses of pigment are seen 
under a high power to be made up of granules. 

The Spectroscopic Characters of the Pigment. Pl. XI. Fig. . 
The pigment is limited entirely to the surface of the animal and if a 


1 This Journal, Vol. vu. No, 3. 


, 
f 
od 
3 
4 
¥ 
NG 
a 
4 
’ 
a 
ay < 
: 
> 


386  O. A. MAC MUNN. 


portion deeply enough coloured to give distinct bands be mounted in 
balsam after dehydrating in the usual manner, examined with the 

microspectroscope and compared with a similarly mounted specimen of 
_ Moseley’s polyperythrin’, e.g. from Flabellum, the bands are found to 
be identical both as regards position and relative shading. They are also 
identical with those in a similarly prepared specimen from the dorsal 
streak of Lumbricus terrestris. If the coloured portions be extracted 
with alcohol acidulated with sulphuric acid and the alcohol then 
_ filtered a purple red solution is obtained which gives the acid haemato- 
porphyrin spectrum well marked, Pl. XI. Fig. 4 (sp. 2). The bands of 
which read as follows : 


Ist band » 607°5 to X 593, 
2nd band 2585 to A 576 =shading, 

3rd band 2 567°5 to 542, 
4th band 2» 523 to A 506 = darker part. 


By digesting coloured portions in rectified spirit and ammonia a 
faintly yellow solution was obtained shewing the four bands of alkaline 
- haematoporphyrin; but a much better method is to dissolve the isolated 
pigment in rectified spirit and.ammonia. For this purpose a solution of 
the pigment in rectified spirit and sulphuric acid is diluted with water 
and agitated in a separating funnel with chloroform when after some | 
time the chloroform carries down the pigment forming a fine purple red 
solution, which seemed to possess a violet fluorescence. Thudichum 
noticed in the case of a chloroform solution, of what he calls “neutral 
fluorescent cruentine,” a red fluorescence and he remarks’: ‘“ This is the 
first body which is known to fluoresce with homogeneous light, that is to 
say, the same kind of light or cvlours which it transmits.” This 
chloroformic solution still shewed however the acid haematoporphyrin 
bands reading : 

Ist band A 607°5 to A 593, 

2nd shading 2585 to A 577, 
3rd band A 567°5 to A 543°5. 


If now the residue left by evaporation of the chloroform be dissolved 
in rectified spirit with a little ammonia we get a spectrum which 
evidently denotes a mixture of acid and alkaline haematoporphyrin (sp. 3). 
The rose-red solution giving the following bands : 


1 Quart. Journ, Micros. Soc. Vol. xv. 1887, pp. 1—23. 
2 Tenth Report, Med. Off. Priv. Council, 1867. Published 1868, p. 228, 
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Ist a shading from 615 to A 604, 
2nd a darker part from > 604 to r 595, 
3rd a shading from 583 to A _567°5, 
4th a band from X 567°5 to X 547, 
5th a shading from 547 tor 5215. 


But if more ammonia be added the spectrum changes into that of 
alkaline haematoporphyrin while the red colour of the solution is much 
less marked. (See sp. 4.) The bands of this solution read as follows : 


Ist band 2636 to A 622 (shading to 
2nd shading A 607°5 to A601 


{this shading was not seen in similar solutions of is, 
possibly owing to greater dilution), 


8rd band 2591 to 564 (including shadingn), 
4th band A549 to rA 526, 
5th band A 515°5 to » 488 (?). 


If the above measurements be compared with those given for alkaline 
haematoporphyrin in my former paper in this Journal, Vol. vu. No. 8, 
no doubt can be felt that the pigments are identical. 

If the chloroformic solution obtained by agitating a dilute acidulated- 
alcohol extract of the pigment in a separating funnel with chloroform be 
evaporated on the water bath, the residue obtained is not quite dry, and 
it is best to again redissolve it in spirit and again agitate with chloroform, 
on evaporating this’ at the temperature of the air we obtain an 
amorphous brown-violet residue, but this has still a somewhat greasy 
appearance and on dissolving it in absolute alcohol it is found to react 
acid owing to the clinging of the acid to the chloroform (which probably 
accounts for its solubility in the solvents mentioned below). 

This residue appears to have a slightly greenish tint by daylight but 
purple-brown or brown-violet by gas-light and is partly soluble in ether, 
in carbon disulphide, in chloroform and benzol, insoluble in water. 

If we place side by side the wave-length measurements of the bands 
of an acidulated alcohol extract of (1) haematoporphyrin obtained from 
sheep blood, (2) the present pigment, (3) the haematoporphyrin of 
Uraster rubens, (4) that from Slugs, and (5) that from Lumbricus 
terrestris, we can see at a glance the agreements and differences : — 
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Acid Haematoporphyrin’. 

(1) from Blood. (2) Solecurtus. (8) Uraster. (4) Slugs. (5) Lumbricus. 
605 607°5 607 600 603 

lst band to to to to to “ 
A591 593 591 591 591 
585) 5855) 583 

567°5 576 576 572 575 
567°5 °5 566 561°5 567°5 
542 542 545-5 547 542 


Of course a very slight difference in the degree of dilution would 
cause considerable differences in these measurements, and allowing for 
this the agreement is wonderfully close, so close as to place beyond 
doubt the identity of these. pigments. 

Hence then Solecurtus strigillatus owes all its brown colour to the 
presence of haematoporphyrin. And this may also be considered 
identical with Moseley’s polyperythrin. 

It would be interesting to know if this mollusk comtaian haemoglobin 
or histohaematins ; but the specimens which I have examined were not 
suitable for determining this as they had been kept in spirit. Prof. — 
Lankester® has found haemoglobin in the nearly allied Solen legumen 
in which it occurs in special corpuscles of its blood. 

I thought I might meet with haematoporphyrin in Solen siliqua but 
_ obtained a negative result. For although the foot in parts is peculiarly 
marked somewhat like the foot of Solecurtus yet the pigment present is 
not haematoporphyrin, as it does not yield any to acidulated alcohol. 
In the same species I could not certainly determine the presence of 
histohaematins. 

The presence of haematoporphyrin may now be considered as definitely 
decided in the following Invertebrates: Ceratotrochus diadema, Flabellum 
variable, Flabellum sp.?, Fungia symmetrica, Stephanophyllia formosis- 
sma, Stephanophyllia sp.?, an Actinia with a coriaceous test, Discosoma 
sp.?, and in Cassiopeva, in all of which as I said in a former paper Prof. 
Moseley found polyperythrin. I have found it in Uraster rubens, Arion 


1 The bands of alkaline haematoporphyrin vary according to concentration of solution 
much more than those of acid haematoporphyrin. 


2 Proc. Roy. Soc. Vol, xxt. (1872), p. 71, et seq. 
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ater, Limax flavus and other species, Lumbricus terrestris and lastly in 
Solecurtus strigillatus. 

In Rhizostoma Cumeri the blue colouring matter gives some bands 
which might be confused with those of polyperythrin but I find they 
are different, a result which agrees with that of Krukenberg who calls 
~ this pigment. Cyanein and figures its spectrum’. 

The results arrived at in this and in my former paper in this 

Journal, Vol. vit. No. 3, confirm the conclusions of Serby and Ray 
Lankester as to the occurrence of haemoglobin derivatives in various 
Invertebrates, if no other proof had been forthcoming. But the universal 
distribution of the histohaematins’ and the fact that these yield some of 
the decomposition products of haemoglobin, as 1 have recently shewn in 
this Journal, Vol. vit1. No. 2, have fully explained the occasional appearance 
of a haemoglobin derivative in Invertebrates. This affords an answer 
to the following sentence in Krukenberg’s Grundziige einer Verglei- 
chenden Physiologie der Farbstoffe und der Farben, namely: “ Unbeirrt 
durch die Vorurtheile und die Sucht einzelner Untersucher, in jedem 
rothen, braunen oder dunkelgriinen Pigmente—befinde es sich an 
Infusorien gebunden in den Fliissen bei Guatemala (Rossignon), in 
Algen (Phipson) oder irgendwo bei Thieren (Ray Lankester, Sorby, 
Mac Munn)—ein verkapptes Hamoglobinderivat zu entdecken” and so 
on. (It is unnecessary to give the remainder of the passage.) To this 
I can now reply that Ray Lankester and Sorby were perfectly correct. 
in their inferences and the occasional occurrence of such derivatives 
whether they are immature pigments or in process of disappearance 
can be easily explained. Their absence in certain species seems more 
difficult of explanation than their presence. 


EXPLANATION OF PLATE. 
Piate XI. 


Figs. 1—3. From photomicrographs showing the distribution and mor- 
phology of the haematoporpbyrin in the epidermis of Solecurtus strigilatus, 

Fig. 1. From the foot, magnified 90 diameters. 

Fig. 2. From the siphons also magnified 90 diameters. 

Fig. 3. Part of the same magnified 280 diameters. The darker parts in 
all these figures represent the greatest accumulation of pigment. (For full 
explanation see paper.) 

1 Vergleichend-physiol. Studien, Zweite Reihe, dritte Abth. 1882, s, 68. 
3 Philosophical ' Transactions, Pt. 1., 1886, 
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A. MAC MUNN. 


Fig. 4. Spectra of Haematoporphyrin from Solecurtus strigillatus. 


1. Spectrum of a bit of epidermis at base of siphons of Solecurtus strigillatus. 

2. Rectified spirit and sulphuric acid extract of the pigment, shewing bands of Acid 
haematoporphyrin. 

3. The pigment was isolated by chloroform as described in the paper, the solution 
- evaporated and the residue dissolved in rectified spirit to which a little ammonia was 
added ; the spectrum is that of a mixture of acid and alkaline haematoporphyrin. 

4, To the solution mentioned more ammonia was added, when the spectrum of 3 
changed to this; that of alkaline haematoporphyrin. The very narrow and faint band 
before D is not constant in solutions of haematoporphyrin, 
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THE DIFFERENTIAL ACTION OF BRUCINE AND OF 
STRYCHNINE. By THOMAS J. MAYS, MD. ; 


THESE two alkaloids are derived from the seeds of the same tree, 
and are generally regarded as having an identical action, only differing 
in intensity. Strychnine is undoubtedly specific in its action on the . 
motor nérves; but recent inquiry has shown us that the action of - 
brucine is directly opposed to that of strychnine. This we think is not 
only important from a physiological standpoint, but it may open up 
a new path for the clinical employment of brucine, especially since it 
has already given promise of usefulness in this direction. 

All the physiological experiments were made on frogs. We do not 
deem it necessary to dwell long on those made with strychnine, for its 
physiological action is already well understood, but those made with 
brucine will be given in detail. We have in all experimented with 
four different specimens of brucine, and found that its action is different 
from that of strychnine in proportion to the degree of its purity, and 
this gave rise to the suspicion that most of the commercial brucine is 
not entirely free from strychnine, and that in the manufacture of the 
latter not sufficient care is taken to separate the brucine. That some 
. of the brucine was not pure is evident from the short time which 
sufficed to bring out the strychnine tetanus in some, and the entire — 
absence of this phenomenon in other instances. The nasal reflex method, 
which was first described in a preliminary note published. in the 
Medical News for Nov. 20, 1886', gave the most marked differential 
results and was the one chiefly employed in these researches, ~~ 

We employed four different grades of brucine, the first grade was 
most impure, while the last was warranted to be chemically free from 
strychnine ; and the other two grades were intermediate between the 
first and last. The experiments will therefore be divided into four — 
groups and will be given in their regular order. | 


1 See also this Journal, Vol. vir, p. 458. 
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P.M. 


P.M, 


larger. 
P.M. 


8.50, 
8.52. 
8.53. 
8.54, 
8.58. 
9.15. 


10.00. 


12.03. 
12.10. 
12.16. 
12.25. 
12.30. 

12.32. 


12.36, 
12.37. 
12.38, 
12.45. 
12.46, 


6.06. 
6.13, 


T. J. MAYS. 


GROUP I. 


Expertment I. To test the local action of a one per cent. solution of 
Brucine on the reflex sensibility of frog’s nostril. Both nostrils alike sensitive . 


to touch of fine wire. 
A.M, 
8.42. Introduced four drops into left nostril. 


Both nasal reflexes alike. : 
Left seems somewhat less sensitive. Right as before. 
General convulsions. 

Convulsions constant. 

Left nostril less sensitive than right. 

Convulsions continue. 


Tendency to convulsions less. Impairment of left nasal reflex no 
longer 


Experiment II. To test the local action of a one per cent. solution of | 
Brucine on nasal reflex of frog. Both nostrils alike sensitive. Dose some- 
what smaller than in preceding experiment. 


Introduced one drop into left nostril. 

Right same. Sensibility in left possibly diminished. 

Left impaired. : 

Introduced one drop more. 

Left somewhat impaired. Right as before. Frog active. 

Introduced two drops more. 

Marked loss on sensibility in left nostril. Right as before. 
Slight convulsive movements chiefly confined to the left leg. 

Right leg also affected. 

General convulsions. 

Left nostril almost completely insensitive. __ 

Sensation continues to be impaired in left nostril. 

Convulsions on the least provocation. 


ExperIMENT III. To test the local action of a two per cent. solution of 
Brucine on nasal reflex of frog. Both nostrils alike sensitive. Dose a little 


Introduced two drops into left nostril. 
Sensibility of left nostril impaired. Right as before. 
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6.15. Decided impairment of left. No sign of spasm. 
6.20. Left nasal reflex decidedly impaired. First spasm. 
6.22. Convulsions almost constant. 


Experiment IV. To test the local action of a one-half per cent. solution 
of Brucine on frog’s nostril. First dose somewhat smaller. 

A.M. 

9.23, Introduced two drops into left nostril. 

9.29. No difference between sensibility of left and right nostril. 

9.35. ” ” ” ” ” ” ” ” 

9.40. Two drops more in same nostril. 

9.46. Some impairment of left nasal reflex. 

9.48. General spasms. 

9.50. Convulsions constant. 


Experiment V. To test the local action of one per cent. solution of 


; Brucine on sensibility of frog’s left nostril. Both nostrils equally sensitive. 
AM 
10.05. Introduced two drops into left nostril. 
ae 10,10. Loss of sensation in left, none in right nostril. 
- | 10.11. No sign of spasm. 


10.16. Almost complete loss of sensation in left. Right as ane. 
10.19. General convulsions. 
10.30. Touching either nostril causes convulsions. 


It will be observed that in the beginning of all these experiments 
the local anesthetic action of brucine showed itself quite markedly, but 
was soon overshadowed by the tetanic action of strychnine. The 
rapidity with which the strychnine effects came on depended entirely 

e, on the amount which was given. Thus in the first and third experiments 
| they were produced very quickly by the administration of comparative 
large doses, while in all the others a smaller amount was ais at one 


time. 
GROUP II. 
| Experiment VI. To test a one per cent. solution of Brucine on frog’s 
of left nasal reflex. “Both nostrils equally sensitive. 
tle 


5.27. Introduced two drops into left nostril. 
5.30. No marked difference in sensibility. 
5.33. Left decidedly impaired. Right same as at — of experi- 


ment. 
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5.38. 
5.40. 


5.43, 
5.45. 
5.50. 


6.00. 
6.05. 
6.10. 
6.20. 
6.23, 

6.27, 
6,30. 
6.31. 
6.35. 
6.42, 


6.47, 
6.53, 
7.50. 
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Almost complete loss of sensation i in wat, 

No sign of spasms, 

Left nasal reflex completely impaired. Right also somewhat 
affected. Frog as well as at beginning of experiment. 

Complete loss of sensibility in both nostrils. Both palpebral 
reflexes intact. 

Frog as lively as at any time of ent No sign of spasm. 

Both nostrils insensitive. 

Both nostrils completely insensitive. Left palpebral reflex also 
impaired. 

Both nostrils completely insensitive. 

Left palpebral reflex much impaired. | 

Nasal and palpebral reflexes same as at last observation. 

Nostrils wholly insensible. Both palpebral reflexes impaired. 

Frog not so lively as before. 

Is inclined to lie down with posterior legs flexed naturally. 

Sensation returning in nostrils and eyelids. 

Right nostril more sensitive than left, 

Frog leaped off the table, 

Reflexes recovering. Occasionally drags hind legs as if they were 
partially paralyzed. 

Lies flat on abdomen. Posterior extremities paralyzed, 

Sensation continues to improve in nostrils and eyelids, 

Frog lively and well. Sensibility in nostrils and eyelids normal. 


Expermment VII. To test the local action of a one per cent. solution of 
Brucine on _ nostril, Both nostrils respond readily to touch of light 


wire, 
P.M. 


8.08. 


8.15. 
8.20. 
8.25. 


8.38, 


8.40. 
8,42, 
8.45. 
8.50. 


Two drops introduced into left nostril, (One drop probably went 
astray.) 

No difference in scnsibtlity between the two nostrils. 

Sensibility in left nostril and eyelid impaired. 

Left nasal reflex very much — boats same as at mpeg 
of experiment, 

Left nasal reflex same as at last oie Right responds to touch 
of wire same as at last observation. 

No signs of spasms. ~ 

Left nostril senseless. Right as at last observation. 

Right nasal reflex also somewhat impaired. 

Both nostrils recovering sensibility. 
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Experiment VIII. To test the local action of larger doses of a one per 
cent. solution of Brucine when applied to the frog’s nostril. Som nostrils 
equally sensitive. 


9,19. 


9.27. 


. Introduced three drops in nostril and in eye of left side, six drops 


in all. 
Left nostril and eye impaired in sensibility. Spasm in left leg. 
Left nasal and palpebral reflexes impaired. Right side same as at 
beginning of experiment. Touch produces a slight spasm in 
posterior extremities, after which they remain limber and para-— 
lyzed. 
Touching any part of the body induces a einseral twitch of body, 
but no convulsion. | 
Convulsions like those produced by strychnine. 


Expertuent IX. To test the local action of a one per cent. sebniiell of 


A.M. 
11.30. 
11.32. 


11.36. 


11.55. 
11.47. 


12.00, 
12.05. 
12.10. 
12.13, 
12.28. 


_ Brucine on sensibility of frog’s eye. Both nasal and palpebral reflexes alike 
sensitive. 


Introduced two drops in left eye. 

Sits quietly. Causes no inconvenience in the eye. 

Left palpebral reflex decidedly impaired. eye reflex unim- 
paired. 

Left and right nostrils and right eye as sensitive as at _— of 
experiment, but left eye insensitive. 

Eyes and nostrils same as at last observation. 

No constitutional disturbance. General condition as at pn Ae 
of experiment. 

Sensibility reappearing in left eye. 

Left palpebral refiex almost entirely restored. 

Both nasal reflexes alike. 

Both palpebral reflexes alike. 

No signs of spasm or of general disturbance throughout the experi- 


ment. 


EXPERIMENT X. To test the general action of Recline on frog. Frog small 


but lively. 


P.M, 
8.45. 
8.46, 


8.48, 


Injected 1, gr. of a one per cent. solution of brucine in left back. 

Spasm. Legs outstretched. The spasms are not so powerful as 
those produced by strychnine. 

Limbs limber and helplessly outstretched with occasional spon- 

taneous spasms, which can also be induced by touching. 
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8.50. Lies quietly. No spasms on touch. 
8.52, Legs outstretched and limber. No convulsions but occasional 
spontaneous twitchings which last for a few seconds. 
8.59. Completely paralyzed. 


All the experiments of this group show that the brucine used was 
more free from strychnine than that used in the experiments of the first 
group, but the eighth experiment demonstrates that in large doses it 
was capable of developing the characteristic strychnine tetanus. This 
becomes especially evident when it is injected subcutaneously as in the 
tenth experiment. | 


GROUP III. 


Experiment XI. To test the local action of a one per cent, solution of 
Brucine on the nasal reflex of frog. Reaction of both nasal reflexes equal. 

P.M, 

5.26. Introduced two and a half drops in left nostril. 

5.31. No difference in sensibility between the two nostrils. 

5.35, Left nasal reflex decidedly impaired. 

5.40. Complete loss of sensation in left nostril. Right also somewhat 
impaired. 

5.42, Frog as lively and as active as at beginning of experiment. 3 

5.45. Left nostril entirely insensitive. Boring of left nostril calls forth 
no reflex motion except a slight wink of left eyelid. 

5.55. Complete loss of sensation in left and partial loss in right nostril. 

6.15. Sensibility returning in both nostrils, 

6.45. Frog otherwise normal. 

7.35. Both nasal reflexes entirely restored. Frog as at beginning of 


experiment, 


Experiment XII. To test the action of larger doses of 8 a one per cent. 
solution of Brucine when applied to the nose and eye of the frog. Nostrils 
and = sensitive on both sen. 


Introduced six drops in left nostril and eye. Three drops in — 
each. 

Left nasal and lates reflexes somewhat impaired. 

Left nostril insensitive. Left palpebral reflex also impaired. 

Decided loss of sensation both in left eye and nostril. 

Still some sensation in left nostril and eyelid. 

One drop more in left nostril and in left eye. 
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8.24. Decided loss of sensibility in left nostril and eyelid. Right side ~ 
very sensitive. 
8.28. Inclines to lie on abdomen. 
8.36. Almost complete loss of sensation in left nostril and eye. 
8.40. Jumps when touched. 
8.41. Nosignofspasm. 
8.43. Post. legs stretched out. 
8.45. Respiration paroxysmal. 
8.46. Convulsions. 
8.47. Legs outstretched and limber. » 
8.50. Spasms induced by touch, but not so intense as the strychnine 


spasms. 
9.00. No spasms but slight twitches when touched. 
10.35. No pronounced spasm but twitches when touched. 
Next morning. Dead. 


EXPERiMENt XIII. To test the local action of a two per cent. solution of 
Brucine on the frog’s nasal reflex. Both nostrils equally sensitive. 


9.00. Introduced two drops in left nostril. 
9.05. Less response to wire in left than in right nostril. 
9.11. Two drops more in left nostril. 
9.14. More decided loss of sensation in left nostril. 
9.19. Right nasal reflex unimpaired. 
9.26. Introduced two drops more in left nostril. 
9.30, Almost complete loss of sensation in left nostril. 
9.31. Right nasal reflex as at beginning of experiment. 
9.35. Respiration paroxysmal. 
9.37. Leaps on being disturbed. 
9.41. Inclines to droop his head. 
9.46. Two more drops in left nostril. 
9.51. No response to touch of wire in left nostril. Left eyelid also 
impaired in sensibility. Right nostril and eye very sensitive. 
10.00. Paralyzed in posterior extremities. Left more so than right. 
10.05. No sign of spasm. 
10.11. Left nostril wholly insensitive. Right very sensitive. 
10.14. Lies flat on abdomen. No spasms. Sensibility seems to be 
enhanced in every part of the body except in left nostril which 


gives no response. 
Next morning. Alive and spasm induced by touch. 
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Experment XIV. To test the general influence of Brucine on frog when 


A.M. 
11.21. 


11.28. 


11.34, 


11,35. 


11.37. 
11.39. 


11.40. 
11.44. 
11.45. 
11.47, 
11.53. 
11.55. 
12.00, 
12.15. 


injected Frog rather small. 


Injected 0-05 cem. of one a cent, solution (grain ah) in left 
back. | 

No change. 

Injected in right back 0-05 (arain tes) more. 

Head inclines to droop. 

Croaks and seems to be slightly paralyzed in posterior sctwabitiles. 

Posterior legs lie outstretched and paralyzed, but are withdrawn. 
when touched. 

No impairment of nasal reflexes. 

Remains on back and croaks. 

Unable to flex legs when touched. 

Lies flat on abdomen. No spasms so far. 

Slight twitches of whole body when touched. 

Strong blow of breath directed on body calls forth a general spasm. 

Slight spontaneous momentary spasm. 

Spasms more pronounced. The convulsions are not of that strong 
pronounced type. 


Experiment XV. To test the general action of larger doses of Brucine 


P.M. 

4,22. 
4.23, 
4.26, 
4,27. 


4.30. 


4.35, 


4,45, 


4.55. 


on the frog injected subcutaneously. Frog rather small. 


Injected 0-2 ccm. of one per cent. sol. (grain ,},) in left back. 


Shows signs of paralysis i in posterior extremities. 
Decided loss of motion in posterior extremities. — 


Convulsion, legs outstretched. Rolls over on back. Respiration 
ceased 


Slight spasms continually produced by touch. No diminution in 
sensibility of nostrils or eye, but on the contrary touching them 
will call forth a general spasm. 

Lies outstretched and limber on abdomen. The tendency to 
convulsions diminishing. 

Hardly possible to call forth a contraction by Is y 
paralyzed, 

No response to touch in any part of the body. 
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GROUP IV. 


Expertuent XVI. To test the general action of Brucine (chemically 


size. 

P.M. 

8.26. 
8.30. 
8.37. 
8.38. 
8.41. 
8.43. 
8.44. 


8.46. 


8.50. 


8.56. 
9.05. 


9.15. 


free’ from strychnine) on the frog when injected subcutaneously. Frog medium 


Injected ccm. grain) of one per cent. in left back. 


No change. 
No change 


Injected 0-2 ccm. (7, grain) of same solution i in right back. 

Refuses to lie on back. 

Becomes somewhat stiff and 

Paralyzed in posterior extremities which lie stretched out on glass 
plate. 

General momentary twitches but no spasm. Lying perfectly 
limber. 

No sign of life except an occasional twitch in posterior extremities. 

Had not a single convulsion. 

Heart pulsations 52 per minute. Respiration ceased some time 
ago. | 

No life anywhere except in the beating heart (52 per min.). 


Experiment XVII. To test the general action of Brucine on the frog 
when administered hypodermatically. Frog about same size as the one used 
in previous experiment, | 


P.M. 
7.24, 


Injected 0°2 ccm. (7 grain) of one per cent. solution in left. 
back. | 

Remains on back until disturbed. 

Seems to be in a semi-paralyzed state. 


. Unable to leap. Reflex sensation in posterior extremities almost 


entirely gone. 

Lying flat on abdomen. Anterior limbs more sensitive than 
posterior. 

Almost complete loss of sensation over whole of body. No percep- 
tible hyperesthesia. 

Remains in any position. — 

Nasal reflexes good. 

Anterior part of body less influenced than sikactal both in motion 


and in sensation. 


1 Warranted by Merck. © 
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2.03. 
2.06. 
2.07. 
2.08. 
2.09. 
2.10. 
2.11. 
2.12. 
2.13. 
2.14. 
2.15, 
2.16. 
2.18. 
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Respiration laborious and irregular. 
Moves himself easier. 
Lies flat on abdomen. No hyperesthesia anywhere. 
Shows more signs of life. 
Somewhat hyperesthetic. 


. Decidedly more lively. Hyperesthesia no greater than at last 


observation. 
Makes efforts to move about. 
(Next morning.) Alive. A little hyperesthetic. 
(Noon.) Dead. 


EXpeRiMent XVIII. To test the general action of somewhat larger doses 
of Brucine on the frog when given subcutaneously. Frog about same size as 
the one employed previously. eee 


Injected 0:4 ccm. (4 grain) of one per cent. solution in left back. 

Refuses to lie on back. 

Spontaneous general convulsion. 

Spasms only momentary. . 

Tendency to spasm dying out, Frog lying flat on abdomen: and is 
entirely paralyzed both in sensation and in motion. Occasional 
twitches. 

Respiration ceased. 

Frog perfectly limber. 

Frog apparently dead. All reflexes apparently gone. 


Dead to all appearance save the beating heart (36 per min.). 


EXPERIMENT XIX. To test the general action of Brucine on the frog when 
introduced subcutaneously. Frog medium size. 


Injected 0:4 cem. (,; grain) of one per cent, solution in left back. 
Refuses to lie on back. 

Showing signs of paralysis in posterior extremities. 
Remains on back until disturbed. 

Very quiet. Head drooping. 

Respiration somewhat laboured. 

No hyperzsthesia. 

Refuses to lie on back. 

Lies flat on abdomen. Motion in anterior limbs impaired. 
Refuses to lie on back. 

Respiration becoming groupy. 

Sensation much impaired in post. extremities. 
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2.20, 
2.21. 


2.23. 
2.24. 
3.03. 


3.05. 


4.10, 
5.30. 
6.30. 
11.30. 
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Refuses to lie on back. 

Reflex motion in posterior extremities almost entirely abolished, 
but crawls voluntarily. 

Respiration laborious and groupy. 

Nasal reflexes very acute. 

Remains on back but struggles to right himself. 

Somewhat hyperesthetic but no tendency to spasm. 

Momentary spasm when touched sharply. 

Spontaneous momentary spasm. 

Spontaneous spasms continue. 

Spasms confined to posterior extremities. 


- 7.00 am. Next morning. Still hyperesthetic. 
12.00 noon. Recovered. 


For the purpose of comparing the effects of brucine with those 
of strychnine we will subjoin a few experiments made with the latter 


drug. 


Experiment XX. To test the local action of a one per cent. solution of 
strychnine when applied to the frog’s nostril, Both nostrils equally sensitive. 


P.M. - 


5.06. 
5.12. 


5.13. 
5.15, 
5.16, 


5.18, 
5.19. 
5.23. 
5.25. 


Introduced two drops of solution in left nostril. 

No difference in sensibility between the two nostrils, Sits quiet. 
Is hyperzsthetic. 

Spreads apart anterior extremities. 

Croaks loudly. 

Convulsion, which is strong enough to pitch him from the oie 
plate. 

No impairment of left nasal reflex. 

Convulsions intense. 

Convulsions continuous. No impairment of sensibility. 

Pithed. 


_ Experiment XXI. To test the local action of a one per cent. solution 
of strychnine on nasal reflex of frog. Both reflexes react well. 


A.M. 
10.56. 
11.01. 
11.02. 
11.06. 
11,10, 


Introduced two drops in left nostril. 

Feels uneasy. Rubs left nostril with front foot. 
No impairment of left nasal reflex. Croaks. 
Respiration somewhat hurried. 

General convulsions. 
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11.14. Convulsions continue, when convulsed rolls over on side. 
11,16. Respiration spasmodic. Limbs limber when not in spasm. — 
11.28. Spasms easily induced by touch. 

11.50. Respiration laborious and spasmodic. 

12.00. Convulsions continue after dividing the medulla. 


ExperRIMENT XXII. To test the general action of strychnine on the frog 
when injected subcutaneously. 
P.M. 
2.56. Injected 0°05 ccm. of one per cent. solution (grain ;},;) in left 
back. | 
2.58. Very restless. 
2.59. Stretches apart anterior extremities. 
2.59.30. Spontaneous convulsion. 
3.00. Convulsions continue. | 
3.01. Legs outstretched and in spasm. 
3.23. Spontaneous spasms. 
3.26. Respiration very slow. 
10.30. Convulsions marked. 
7.00 a.m. Next day entirely recovered. 


While these experiments demonstrate that brucine and strychnine 
have a few points of action in common, they also show that they possess 
so many dissimiliar points in this respect that there is sufficient ground 
for believing that their difference is not one of degree only, but one of | 
kind. Their agreement of action consists in causing death by arresting — 
respiration, and in tending to produce convulsions. The fact, however, 
that both agents produce convulsions is obviously no evidence for 
identity of action, for many other drugs, perfectly dissimiliar in every 
other respect, have this power in common. 
Their points of difference in physiological action will become more 
manifest when they are considered in the following order : | 


1. Brucine primarily affects the posterior, while strychnine first 
affects the anterior extremities of the frog. 


2. Convulsions appear very early in strychnine, and if at all very late 
in brucine poisoning. | 


3. Convulsions invariably develope before death occurs in strychnine 


poisoning, while death very frequently occurs from pure brucine poisoning 
without a trace of spasm. 
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4. Brucine diminishes sensibility when locally applied, while 
strychnine does not. 


5. The local anesthetic effect of brucine appears to bear a direct 
relationship to its degree of freedom from strychnine. 


Literature on Brucine. 
Burnett. “Brucine and Cocaine in diseases of the ear.” Transactions of 
American Otological Society, 1885. 
- Seiss. ‘Notes on the clinical action of Brucine.” Ther. Gazette, Jan. 1886, 


Mays. “The Physiological action of Cocaine and Brucine.” Ther. Gazette, 
p. 372, 1885. 


U.S. of A. 
March 29, 1887. 
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ON THE ACTION OF MUSCARIN UPON THE HEART, 
AND ON THE ELECTRICAL CHANGES IN THE 
NON-BEATING CARDIAC MUSCLE BROUGHT 
ABOUT BY STIMULATION OF THE INHIBITORY 
AND AUGMENTOR NERVES. By W. H. GASKELL, 
M.D., F.R.S. Pl. XII, XIII. 


In Ludwig’s Festschrift' I have described how an electrical variation 
of a distinct character accompanies the action of the inhibitory nerve of 
the heart of the tortoise when the auricle is quiescent. For the sake of 
the readers of the Journal of Physiology I reproduce (PI. XIL.) the plate 
which accompanied my paper and will briefly describe the nature of the 
experiment and the meaning of the curves figured there. 

The whole object of that investigation was to find out whether any 
electrical change could be demonstrated in the muscular tissue of the 
auricle of the tortoise as the effect of the stimulation of the vagus nerve 
when that auricle was not beating. _ 

The possibility of such an experiment was afforded by the presence 
of the coronary nerve, for I knew from previous experience’ that, when 
the auricle was cut away from the sinus and the coronary nerve left 
intact (as depicted in Fig. 1, Pl. XII.), the isolated auricle-and-ventricle- 
preparation would after a time beat with its own rhythm and then 
stimulation of the right vagus nerve in the neck would diminish the 
size of the beats of the auricle; I knew also that after the separation 
from the sinus a variable length of time elapses during which the auricle 
and ventricle remain quiescent, and during this period of quiescence 
stimulation of the vagus produces no visible effect. It was self-evident 
that the vagus must be active during this period of quiescence, for the 
result of its activity was clear enough in the shape of diminution of the 
contractions as soon as the auricle began to beat; and the non- 
manifestation of that activity was clearly due simply to the want 
of suitable means of making it visible. Of the various means at 


1 Beitrjige zur Physiologie. Leipzig, 1887. 
* This Journal, Vol. tv. p. 85. 
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our disposal for effecting this purpose the simplest is the investigation of 
any electrical change, to find out for example whether stimulation of 
the nerve causes any alteration in a demarcation current caused by 
injury at one spot. Figure 1, Pl. XII. shows clearly enough the nature of 
the experiment without any detailed description; it is enough to say 
that the demarcation current was caused by a thermic section at 
the apex of the auricle and that the two non-polarizable electrodes were 
placed, one on the injured, and the other on the uninjured tissue, of the 
auricle. The curves (Figs. 2,3, 4, Pl. XII.) were obtained by recording 
the movement of the galvanometer needle every 5 seconds. _ : 

The shapes of the curves 2A, 3A taken as a whole illustrate the 
gradual decline of the demarcation current originally caused by the 
thermic section of the apex. Upon that curve of the decline of 
the demarcation current the effect of stimulation of the vagus nerve is 
well seen in the shape of a marked increase of that current. 

Figs. 2B, 3B, 4B demonstrate the removal of this effect of vagus 
stimulation by the application of a few drops of an atropin solution to. 
the auricle or even to the sinus; showing plainly that the effect observed 
is a genuine one and is due to the action of the inhibitory nerves upon 
the tissue of the auricle. Stimulation then of the vagus nerve in the neck 
causes some alteration in the non-beating muscle of the auricle which is 
manifested by an electrical change of an opposite sign to that which 
accompanies contraction of the muscle. 

This electrical change is not accompanied by any visible change of 
form in the auricular strip. In order to test this statement I took a 
tracing of the auricular movements simultaneously with the observation 
of the galvanometer. For this purpose the apex of the auricle was fixed 
to a lever 40 c.m. in length, held in the horizontal position by means of an 
india-rubber spring. Though this lever was so sensitive as to register 
quite plainly the beats of the sinus due to the exceedingly slight pull on 
the coronary vein and nerve and so on the auricular muscle every time 
the sinus contracted, yet, when the vagus was stimulated, and a marked 
positive variation observed by means of the galvanometer, no alteration 
of the level of the line drawn by the lever point could be observed ; in 
fact, the only evidence on the tracing that any stimulation of the nerve 
had taken place was. the cessation of the movements due to the beats of 

When the auricle-and-ventricle-preparation begins to beat of its own 
accord then, as already mentioned, stimulation of the vagus in the neck 
causes a diminution of the auricular contractions. This change of form 
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is well shown in the galvanometer scale by a marked diminution in the 
amount of the negative swing which accompanies each contraction. 
Further, atropin applied to the sinus alone removes the effect of 
the vagus upon the auricular muscle, although atropin applied to the 
main nerve trunk in the neck does not prevent the action of stimulation 
of the nerve. 
Atropin then clearly paralyses the inhibitory fibres in their passage 
through the sinus. 
Thus far the investigation had reached when my paper was 
published in Ludwig’s Festschrift. Since then I have turned my — 
"attention to the action of certain of the heart poisons rather than | 
| attempted to find out what is the precise nature of the change in 
_ the tissue to which this electrical variation is due; the consideration 
| of this latter question will be more feasible after we know what — 
changes accompany the inhibitory act. 


1, On the nature of the muscarin standstill. 


Of all the heart poisons the action of muscarin and pilocarpin — 
possesses special interest in connection with the phenomena of inhibition, 
because that action has been explained by Schmiedeberg as due to 
the excitation of the inhibitory mechanism of the heart by the direct 
action of the drug and not to any saci effect upon the motor 
mechanisms. 

Clearly, if Schmiedeberg’s view is correct and we possess in 
muscarin the power of picking out and stimulating the inhibitory 
apparatus in the heart, the value of the poison for physiological purposes 
is immensely greater than if it only paralyses the motor mechanism. 

It is therefore most desirable to be able to decide definitely between 
i the two following propositions, 

\ _ - Does muscarin stop the heart because it depresses by direct action 
= rhythmical power of the sinus? or 

Does muscarin stop the heart indirectly because it excites inhibitory 
nerves 

Apart entirely from all previous investigations on the subject, it 
seems to me that my new method of experiment must afford a direct 
and conclusive test between these two propositions; for if muscarin 
acts by exciting the inhibitory mechanism of the sinus, then a drop or : 
two applied to the sinus alone must not only stop its beat but must also : 
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by the excitation of the inhibitory fibres in the coronary nerve produce 


the same kind of electrical change in the auricular muscle as that 
already described which accompanies the stimulation of the vagus or 
coronary nerve; on the other hand, if the poison simply depresses the 
rhythmical power of the sinus, then stoppage of the sinus beats should 
not be accompanied by any change in the galvanometer reading. 
Schmiedeberg has laid stress upon the importance of obtaining 
the muscarin salt pure in all investigations of its action and has pointed 
out that the samples bought from the dealers are never sufficiently 
purified ; I therefore wrote to him for advice upon the best means of © 
preparing a reliable solution with which to work, and he most kindly 
and generously sent me a bottle of a solution of hydrochlorate of 
muscarin which he himself certified as pure. I beg here to express my 
grateful thanks to him for his kindness, and to assure him that I 
thoroughly appreciate the true scientific spirit which prompted him to 
send me without delay so pure a specimen of muscarin. The strength 
of the solution was such that one or two drops were sufficient when 
placed on the sinus to stop the beat of the frog’s heart immediately : 
placed on the sinus of the tortoise two or three drops caused immediate 
standstill without producing any effect upon the galvanometer reading. 


I have made a considerable number of experiments both with muscarin 


and pilocarpin and they all show precisely the same thing, viz. the 
standstill of the sinus is not accompanied by any deflection 
of the galvanometer similar to that produced by excitation 
of the vagus nerve. Asanexample I give a tracing (Fig. 2, Pl. XIII.) 
of the first experiment which I made with the muscarin sent me by 
Prof. Schmiedeberg. 

April 6, 1887. Large female tortoise. Auriculo-ventricular preparation 
made as usual; apex of auricle heated. The tracing shows the effect of 
stimulation of the vagus nerve before and after muscarin had been applied to 
thesinus. The movements of the galvanometer were registered uninterruptedly 
every 5 seconds and 2 drops of muscarin were applied at the point marked by 
an arrow, The muscarin was dropped most carefully upon the sinus and the 
cut part of the auricles in connection with the sinus with the result of causing 
an immediate standstill. 


I conclude therefore that muscarin and pilocarpin—for what is true 


of muscarin may be taken as true of pilocarpin—when applied to the 


sinus do not excite inhibitory nerves proceeding from any centre in the 
sinus, although a similar experiment shows that atropin when applied 
to the sinus is able to paralyse such inhibitory nerves, . 
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It is easy to show that these same inhibitory nerves can be excited 
by appropriate chemical means, for if instead of muscarin a saturated 
solution of common salt be placed on the sinus, then a positive deflection 
takes place in the galvanometer of the same character as that produced 
by stimulation of the vagus nerve in the neck, sti to a much less 
extent. 

I may here also mention that I have obtained a decided deflection 


of the same kind by stimulation of the vagus in the neck, either 
mechanically or by means of saturated salt solution, so that the 


phenomenon in question is not dependent on electrical stimulation of 
the nerve. 

Muscarin then does not act as an excitant to inhibitory 
mechanisms but as a depressant to motor activity. 

For my own part I fail to see that Kobert’s last paper’ gives any 
conclusive evidence in favour of Schmiedeberg’s hypothesis. 

The differences of resistance to the action of muscarin which he 
notices in different parts of the heart appear to me to be not differences 
of kind but differences of degree; that in fact those parts of the heart 
which possess the greatest rhythmical power are most easily affected by 
muscarin; a slight lowering of their excitability is sufficient to cause 
standstill : the greater the difficulty to set up a rhythm the | is the 
dose of muscarin required to cause standstill. 

He says also that if so large a dose of muscarin be given to the 
beating portions of the heart taken from the auriculo-ventricular 
junction as to cause them to remain still, then it is impossible to 
bring back their beats by the application of atropin, I think this is far 
too sweeping a statement even for the frog, and it does not apply at all 
in the case of the tortoise. I have again and again applied a few drops 
of muscarin solution (Schmiedeberg’s) to the auriculo-ventricular 
junction of the preparation pictured in Fig. 1, Pl. XII. after the auricle 
and ventricle had begun to beat spontanéously and regularly, with the 


result of causing complete standstill, and then upon the application of a 


few drops of a 1°/, atropin sulphate solution I have seen (and possess 
graphic records of) the removal of that standstill and the re-establish- 
ment of strong vigorous regular beats. 

' It is unnecessary to repeat and discuss again the experiments 


which others as well as I have formerly made on the action of muscarin 


upon the contraction power and conduction of the cardiac muscle, for I 


1 Archiv f. Exper. Pathol. u. Pharmakol. Bd. 20, s. 92. 
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see no reason for modifying my previous opinions on the subject; and 
indeed from my point of view, that the rhythm of the heart is myogonic, 
not nervous, it is natural to expect that a drug, which in small doses 
diminishes the force of the contractions and the power of conduction, 
should also slow and finally stop the rhythm. 


2. On the action of the vagus nerve upon the cardiac muscle in the 
heart brought to standstill by means of muscarin. 


‘Since the muscarin applied to the sinus stops the heart by its action 
on the rhythmical muscular tissue of the sinus, it is quite possible that 
a sufficiently small dose may stop the heart and yet leave the nervous 
structures intact, so that by this means we may be enabled to examine 
the action of the cardiac nerves in the non-beating heart without, as in 
the case of the tortoise experiment, being obliged to produce quiescence 
by a procedure equivalent to the 1st Stannius ligature. 

In all the experiments which I have made for the purpose of testing 
the action of muscarin upon the .reading of the galvanometer I have 
always stimulated the vagus nerve in the neck before the application of 
the drug in order to be sure that a marked deflection could be produced, 
and then at intervals after the standstill of the heart I have again 
' tested the nerve to see if any alteration in the magnitude of its effect 
had taken place. The experiment described on p. 407 (see Fig. 2, 
Pl. XU) i is sufficient to demonstrate clearly that the action of the 
vagus is not removed by a dose of muscarin which i is sufficient to cause 
complete standstill. 

This is no isolated experiment; if care be taken not to give too 
strong a dose of muscarin or pilocarpin it is always possible to obtain 
the electrical effect of stimulation of the vagus with standstill of the 
heart. If however the dose to the sinus be increased then the action of 
the nerve is lessened, and finally with a large dose the vagus is 
paralysed. In this case stimulation of the coronary nerve is still able 
to produce the effect. 


I conclude therefore that muscarin or pilocarpin has a 
paralysing action upon the nervous structures of the sinus 
as well as upon the muscular elements, but that a dose 
sufficient to prevent the rhythmical action of the latter 
leaves the nervous action to all intents and purposes unim- 
paired. 
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. 3. On the electrical changes in the quiescent heart muscle caused by 
the excitation of the augmentor nerves when the heart is reduced to stand- 
still by means of muscarin. | 

This action of muscarin affords a long desired opportunity of inves- 
tigating the action of the augmentor nerves upon the quiescent heart 
muscle; and for this purpose it is better to employ the frog or toad, 
because the augmentor nerve is very easily found and isolated in them 
and also because their cardiac nerves act powerfully upon the ventricle 
as well as upon the auricles, so that we can make use of the ventricle 
for leading off to the galvanometer, and therefore owing to its longer 
distance from the sinus minimize the danger of the poison on the sinus 
reaching the tissue under examination. 

Léwitt’ has pointed out that it is possible by stimulation of the 
vagus, i.e. the vago-sympathetic nerve, to cause a series of beats in the 
frog’s heart when brought to standstill by means of muscarin. 

This experiment I am able to confirm, and can add further that the 
effect is produced by the stimulation of the sympathetic fibres in the 
conjoint nerve; for the same result can be obtained by stimulation of 
the sympathetic alone before it joins the vagus ganglion. , 

The sympathetic (augmentor) nerve of one side is dissected out, 
isolated and stimulated, with the customary effect of increasing the rate 
and strength of the contractions of the heart. Two drops of 
Schmiedeberg’s muscarin solution are then placed on the sinus with 
the result of obtaining standstill, the nerve is now again stimulated and 
a series of beats takes place either during or after the end of the 
stimulation. A few more drops of muscarin are applied to the sinus, 
and upon again testing the action of the augmentor nerve no visible 
effect is observed. 

We cannot get any further than this with the method of registering 
the contractions, but by means of the galvanometer may hope to find 
out whether the nerve is really still acting upon the tissue after its 
apparent complete paralysis by the poison. 7 

The method of experiment is as follows. The sympathetic of a toad 
is dissected out up to its junction with the vagus ganglion, cut, ligatured 
and isolated ; a thread is attached to the apex of the ventricle and fixed 
to a lever above the body of the animal, which lever is either fixed 
rigidly or maintained in a horizontal position by means of an elastic 
thread fixed to a support above it. In this way the ventricle is held 


1 Pfliiger’s Archiv, Bd. s. 333, 
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with its long axis vertical above and free from the body of the animal ; 
the aortic trunks are sometimes cut, sometimes left intact. The apex of 
the ventricle is then heated and the non-polarizable electrodes placed 
so as to touch the apex and the middle of the ventricle; two or three 
drops of the muscarin solution are then dropped on to the sinus and as 
soon as the heart stops the demarcation current observed by means of the 
galvanometer. This demarcation current gradually becomes less and 
less, and then it is found that stimulation of the nerve causes it to 
diminish with much greater rapidity until with the advent of the first 
of the series of contractions the light flies off the scale in the same 
negative direction. 

In fact before the series of beats takes place the action of the nerve 
is manifested by a marked increase of negativity in the uninjured 
tissue. 

Further, if the dose of muscarin be carefully increased, it is possible 
to obtain the electrical effect of the nerve stimulation without the 
presence of any contractions, and we then see that the negative 
variation produced in the quiescent ventricle attains its maximum | 
slowly and steadily, and then still more slowly diminishes. As a rule 
the needle does not return to its former position, or even to the position 
it would have reached in the same time if the nerve stimulation had 
not taken place, but remains nearer the position of no-current, so as to 
give the impression that the negativity of the tissue, however produced, 
is somewhat permanent. 

Finally, by still further increasing the dae of muscarin the 
augmentor fibres become paralysed and stimulation of the nerve is 
absolutely without effect. 

The following experiment will serve as an example of the nature of 
the effect produced by stimulation of the augmentor nerve. 


April 29, 1887. Toad. R. symp. nerve prepared. Ventricle held 
vertically above body; aorta cut. Apex of ventricle heated. Apex and 
middle of ventricle led off to galvanometer. Strong demarcation current, 
with apex negative to rest of ventricle. A few drops of muscarin solution 
_ (Schmiedeberg’s) applied carefully to the sinus and auricles caused beats 
to cease. Stimulation of the nerve caused the heart to beat and caused also a 
distinct deflection in the direction of a diminution of the demarcation current 
before the rapid negative variation which indicated the occurrence of the first 
of the group of contractions. More muscarin was therefore given and again 
the same result was seen ; again muscarin was given and with the first two 
stimulations of the sympathetic nerve a group of beats was produced preceded 
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by a negative deflection. The effects of the next stimulations are shown in the 


curves, Figs. 1, la, PL XIII. Throughout there was no sign of any movement 
or of any encape of current upon stimulation of the nerve. 


We see then three stages in the action of muscarin upon the 


- augmentor nerve of the heart. 


(1) When the dose applied to the sinus is just sufficient to cause 
standstill stimulation of the nerve causes = heart to beat for a regular 
series of beats. 

(2) With a slightly larger dose stimulation of the nerve produces 


no visible effect upon the ventricle but causes the canis tissue to 


become negative in sign. 
(3) With a still larger dose stimulation of the nerve is ineffective 


both mechanically and electrically. 


4. On the action of the augmentor nerve on the quiescent heart 


muscle when the ventricle 1s reduced to standstill by means of a clamp 
the auriculo-ventricular groove. 


In a former paper’ I have shown that the tissue in the auriculo- 
ventricular groove may be clamped so tightly as to cause the ventricle 
to remain quiescent, and yet stimulation of the vago-sympathetic nerve 
may cause a series of beats of the ventricle synchronous with every beat 
or every second beat of the auricles, 

Such a series of contractions can be brought about by stimulation of 
the augmentor nerve alone and denotes the temporary removal of the 
block at the auriculo-ventricular junction caused by the clamp*. It is 
therefore probable that by means of the clamp.the action of the nerve 
on the quiescent ventricular muscle can be investigated without the 
application of-muscarin. 

This experiment I have tried and the result has fully answered my 
expectations. By the careful adjustment of the clamp in the auriculo- 
ventricular groove the same three stages can be obtained as by means 
of muscarin. | 

(1) When the clamp is just tight enough to prevent the due 


- sequence of ventricular on auricular beats stimulation of the augmentor 


nerve may cause a series of contractions of the ventricle owing to a 
more or less complete removal of the block. 


1 Phil. Trans. 1882, p. 1016. 
2 This Journal, Vol. v1. p. 43. 
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(2) When the clamp is tightened a little more, stimulation of the 
augmentor nerve causes no visible movement of the ventricle but a 
marked increase of negativity in the tissue. (See Fig. 3, Pl. XIII.) 

(3) Tighten still more, and then stimulation of the nerve is 

absolutely ineffective either mechanically or electrically. 
It is therefore possible by means of the clamp in the auriculo-ventri- 
cular groove to reduce the conduction-power of the tissue there to such 
an extent that the contractions cannot get through either with or 
without nerve stimulation, and yet to leave the nerve tracts to the 
ventricle sufficiently intact for the passage of impulses along them to 
the ventricular muscle. 

By this. method of investigation we find the same result as with the 
muscarin method, viz. the action of the augmentor nerve upon 
the muscular tissue of the quiescent ventricle is mani- 
fested not by rhythmical contractions of that muscle but 
by an .electrical change of the same sign as that which 
accompanies muscular contractions, viz. negativity of the 
tissue. 

This electrical change differs from that which accompanies a beat in 
two marked ways; in the first place the movement of the galvanometer 
needle in the negative direction is remarkably slow in comparison 
_ to the extremely rapid swing that takes place when the ventricle beats ; 
in the second place the whole effect is much more persistent than that 
produced by a beat. In fact the whole phenomenon bears a strong 
resemblance to what might be expected to take place if the action of the 
nerve caused in reality a slow tonic instead of a rhythmical quick 
contraction of the muscular tissue. It is possible and indeed probable 
that the augmentor nerve does cause something of the nature of a 
tonic contraction ; at present I can only say that if such be the case it 
is not easily visible ; neither by the eye nor by means of a lever 40 c.m. 
in length attached to the apex of the ventricle have I been able to 
detect any movement of the ventricle coincidently with the matked 
movement of the galvanometer needle. 

Seeing that stimulation of the augmentor nerve can produce so 
decided an electrical effect upon the quiescent ventricle of the frog 
or toad, I expected to obtain equally good results upon stimulation 
of the intra-cranial vagus nerve. Up to the present I have however 
failed to obtain any decisive electrical variation whatever as a 
consequence of excitation of this nerve. The difficulty of obtaining 
any decisive result is due not only to the difficulty of preparing 
and isolating the nerve so as not to injure it, but also to the fact 
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that the roots of the vagus contain also the roots of the spinal accessory 


nerve; consequently upon their stimulation various muscles contract — 


and by slightly shifting the spent of the heart cause a deflection of 
the galvanometer. | 
At present then I can only say that 
(1) Stimulation of the vagus nerve causes an electrical variation of 
the opposite sign to that caused by a contraction in the non-beating 


tissue of the auricle of the tortoise. 


(2) Stimulation of the sympathetic (augmentor) nerve causes an 
electrical variation of the same sign as that caused by a contraction in 
the non-beating tissue of the ventricle of the toad. 

(3) In both cases the respective nerves can produce their electrical 
effect after the heart has been brought to standstill by the application — 
of muscarin to the sinus. 

(4) When the sinus of the tortoise is brought to standstill by the 
application of muscarin no electrical change is produced in the auricle 
indicative of the stimulation of inhibitory nerves. 


CAMBRIDGE, 
Nov. 16, 1887. 


DESCRIPTION OF FIGURES. 


‘Pirates XII, XIII. 


Pl. XII. Each one of the fine divisions of the abscissa corresponds to 5 
seconds of time. Each one of the fine divisions of the ordinate corresponds 
to 1 m.m. of the galvanometer scale. 

The distance in centimeters of the sina from the primary coil 
is denoted by the letters ra. 5, &e, which correspond to c. 5, &c. in Pl. 
XITI. 


Fig. 1. View of the preparation, as it is for an 
V = Vagus nerve. 

C = Coronary nerve. 

S = Sinus and part of auricle in connection with it. 

G = Galvanometer. 

E = Induction coil. 
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Fig. 2. July 6, 1886. Female Tortoise. 
Curve A. Continuous reading of galvanometer every 5 seconds; between 
the arrows a stimulation of the vagus took place. 
Curve B. After the application of atropin to the auricle and sinus. 


Fig. 3. July 30, 1886. Female Tortoise. 


Ourve A. Continuous reading of the galvanometer every 5 seconds. 
grid B. After the application of atropin to the auricle and sinus. 


Fig. 4. Sept. 27, 1886. Female Tortoise. 
Curve A. Comparison of the action of the vagus, when stimulated | 

for 1 min. and 1 sec. respectively. 
Curve B. After the application of atropin to the sinus only. 


Pl. XIII. In this plate each one of the fine divisions of the abscissa 
corresponds to 5 seconds of time. Each one of the fine divisions of the 
ordinate corresponds to t c.m. of the galvanometer scale. 


Fig. 1. April 29, 1887, Toad. 


Stimulation of the augmentor nerve in heart brought to wana by 
the application of muscarin to the sinus. 

At the end of the second stimulation in Fig. 1 a series of beats occurred. 
Curve la is another tracing taken a few minutes after Ourve 1. 


Fig. 2. April 6, 1887. Female Tortoise. 

Curve to show effect of muscarin, applied to the sinus only, on the 
galvanometer reading. At the arrow 2 drops of Schmiedeberg’s muscarin 
solution were applied to sinus and caused an immediate standstill of the 
beats of the sinus. Before and after the application of the 1 muscarin the 
vagus was stimulated as shown in the curve, 


Fig..3. July 19, 1887. Toad. 
Stimulation of the augmentor nerve during the quiescence of the 
ventricle caused by tightening the clamp between the auricle and 
ventricle. 
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PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 


wt 


1887. 


No. IL. 


January 15. K1ne’s CouEce. 


1. Dr F. W. Mott exhibited specimens obtained from three spinal 
cords. 


i. Nine months foetus, stained by Weigert’s method. A number 
of sections at the level of the 12th dorsal and 1st lumbar nerves shewed 
very clearly a brush of fibres passing from the postero-external ence to 
the ganglion cells of the posterior vesicular column. 

Sections in the cervical region shewed the as yet undeveloped 
ascending antero-lateral column, while the direct cerebellar tract was in 
an advanced stage of development. 

ii, A case of Locomotor Ataxy, originating from Silhciaiiiaions of the 
roots of the nerves, caused by caries of the 12th dorsal and 3rd lumbar 
vertebrae. Sections of the cord in the lower dorsal region shewed well- 
marked sclerosis of the posterior median and partial sclerosis of the 
_ postero-external column. A well-marked band of sclerosis. could be 


traced from the postero-external column to Clarke’s column. This ~ 


sclerosis was observed on one side particularly, and this fact can be — 
readily accounted for inasmuch as the nerve roots were more aaytinpted 
on one side than the other. 

_ 1. Sections of a spinal cord from a case of compression of the mid- 
dorsal region (that is above the situation of Clarke’s column). The. 
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direct cerebellar tracts were degenerated, also the ascending antero- 
lateral column described by Gowers, and of course the posterior median. 

These specimens were shewn to support firstly the view that Clarke’s 
posterior vesicular column is connected on the one hand with fibres 
from the postero-external column and on the other with the cerebellum 
by the direct cerebellar tract, and secondly to substantiate the existence 
of the ascending antero-lateral column described by Gowers. Dr Mott 


remarked that the sections stained by Weigert’s method had been 


hardened and cut by the ordinary methods adapted to the freezing 
microtome, and the only precautions necessary were to place the sections 


in absolute alcohol for a short time after washing out the gum. The 
‘sections are then transferred to the haematoxylin solution. 


2. DrS. “On Urate of Calcium.” 

Urine containing oxalate of lime, with, perhaps, an excess of uric acid, 
sometimes contains small acicular crystals, differing both from oxalate of 
‘lime and from any of the generally known urates. I have - found 
these crystals in the urine of two gouty subjects. _ 

Crystals of uric acid and natural sediments of acid urates, when 
allowed to stand in hard water for some time, undergo various changes, 
becoming ultimately transformed into small masses of colourless acicular 


crystals, very insoluble in water even when hot. These alterations do 


not occur when distilled water is used instead of ordinary water. 

These changes, which I observed many times in the course of the 
past five years, led me to the conclusion that urate of calcium might be 
of more common occurrence and of more importance in the economy — 
than is generally suspected. 

It is true that this salt is mentioned and partly described in several 
works, Heintz being the chief authority on the subject; Neubauer and 
Vogel, Parkes, Beale, Bouchut, etc., either repeat what Heintz says 
on urate of calcium or simply mention it in a very casual fashion, None 
of the practical works I am acquainted with attach any importance to 
it, or even mention its existence. 

In order to study the properties of urate of calcium, and to prove its 
existence (for when I began I did not know that any description of it 


existed), I prepared a large quantity of that salt, 1° from pure uric acid 


and pure hydrate of calcium, 2° from natural uric acid and pure hydrate 
of caicium, 3° from natural uric acid and hard water. In all cases I 
obtained a crystalline body corr esponding exactly in a cantons with 
the crystals I had first observed in urine. 
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Urate of lime is colourless, or white when seen in large quantities ; 
it forms long needle-shaped crystals generally grouped together as shewn 
in the drawing exhibited, but it may also be amorphous; it is much 
less soluble in hot water than the ordinary forms of urates, and is less 
easily decomposed by acids; strong acid displaces the uric acid, which 
crystallises readily; when sulphuric acid is used sulphate of lime crystals 
are also precipitated, and in that case irregular forms, such as dumb- 
bell crystals, of uric acid (?) are often produced. The — reaction 
is easily obtained. 3 

The appearance of these crystals being so exactly the same as that of 
the so-called crystals of urate of sodium found in the cartilages and _ 
ligaments of gouty patients, I examined chemically and microscopically 
portions of cartilages infiltrated with urates. ) 

In all cases I found under the microscope the typical acicular crystals, 
and these treated by sulphuric acid gave the double precipitate of uric 
acid and sulphate of calcium. However the presence of other salts 
has to be kept in mind, and these investigations require to be carried 
further before quite positive results can be published. 

In addition to these facts, I should say there are evidences of the 
existence of two forms of urate of calcium, one an acid salt, comparatively 
very soluble in water; the other, a basic or neutral salt, comparatively 
insoluble. This it will be remembered is just the reverse of what obtains 
in the case of the alkaline urates. We have thus a form of urates more 
readily precipitated in an alkaline medium (urate of calcium), and other. 
forms more usually precipitated in an acid secretion (usual forms of 
-urates). The importance of these facts will certainly be evident to 
many, but will be dwelt upon in a further communication. 


3. Dr Marcet, F.R.S., shewed in projection photographs of 
apparatus used by him in experiments on respiration. 


4. Prof. J. BURDON-SANDERSON gave an account of some researches 
on the electric organs of the Torpedo which he and Mr Gortcu had 
prosecuted in the south of France. 


_ 5. Prof. C. S. Roy and Mr Rotieston. “On a New Recording 
Pressure-gauge for Intra-cardiac Blood-pressures.” 
Prof. Roy and Mr Rolleston shewed their instrument and 
explained its construction. It is fitted to record both positive and 
negative hydrostatic pressures, and, as was pointed out, special care 
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had been taken to reduce the inertia and friction so that no errors 
of importance should be introduced into the curves from these causes. 
Tracings were shewn of the intra ventricular curves from the heart 
of the dog and rabbit, and attention was called to some of the main 
features wherein such curves differ from those obtained by Chauveau 
and Marcy from the horse. The instrument will be described in a 
future communication in the Journal of Physiology, together with 


_ the results of the investigation now being made with it. 


6 Dr Gasket, F.RS. “Do the nervi erigentes leave the spinal 
cord in anterior or posterior roots ?” 

The author observed that in a previous paper he had made the 
commencement of an attempt to group together nerve fibres of the 
same function according to their histological structure and anatomical — 
arrangement, In that paper he came to the conclusion that the 
vaso-constrictor nerves constituted a very definite group, occupying 
a definite position in the spinal cord. As to the vaso-dilator nerves 
he pointed out that it was not even known whether they ran in 
anterior or posterior roots. The best known examples, such as the 
cardiac fibres of the vagus, the dilator nerves of the chorda tympani 
and of the small petrosal, leave the central nervous system in roots 
which cannot be defined as either anterior or posterior. | 

According to the positive assertions of Stricker, the vaso-dilator 
nerves for the lower extremity pass out from the spinal cord in the 
posterior roots of the 4th and 5th lumbar nerves; on the other hand, 
Vulpian, Cossy, and others deny the accuracy of Stricker’s results, 
and Dastre and Morat assert that the dilator nerves for the lips 
and gums leave the cord in the anterior roots of the upper thoracic 
nerves. 

Curiously enough no one, as far as the author could find out, has 
endeavoured to solve this question by the examination of the course 
of the n. erigentes. He therefore determined to supply the missing 
evidence, and for that purpose has exposed, cut and stimulated the 
peripheral ends of the posterior and anterior roots of the sacral nerves 
in 6 rabbits, with the result of satisfying himself that the dilator 
nerves of the penis pass out of the cord in the anterior roots of the 
2nd and 3rd sacral nerves. In no case was it possible to obtain 
the slightest sign of erection by stimulation of any posterior roots, 
while stimulation of the anterior roots of the 2nd and 3rd sacral 
nerves caused an erection nearly as marked as when the nervi erigentes 
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themselves were stimulated. Judging therefore from. this instance 
the vaso-dilator nerves must be looked for in anterior rather than 
in posterior roots. 


7. Dr BLAKE made some observations on the action of inorganic 
substances on nerve centres, One of the most interesting facts shewn 
when inorganic compounds are introduced directly into the blood is 
the very specialised action they exert on different nerve centres, 
particularly on those of organic life, This action is analogous for 
all the elements in the same isomorphous group, and is shewn 
- mostly by the effects produced on some one nerve centre. The 
elements in the platinum group act on the respiratory centre, in the 
aluminum group on the vaso-motor centre, in the magnesium group 
on the vomiting centre, in the baryta group on the reflex centres in 
the cord, and in the soda group on the cardiac ganglia. It is probable 
that the biological action of these different nerve centres is to originate 
vibrations which are transmitted by the nerves to the organs with 
which they are connected. Now the spectroscope has shewn that | 
there is a close resemblance in the molecular vibrations of all the | 
substances in the same isomorphous group, and the fact that all 
the elements in the same group give rise to analogous effects on > 
the same nerve centre render it probable that these biological reactions 
will be found to be connected with the form and rapidity of the 
molecular vibrations of these inorganic substances. Every advance . 
in the spectroscopic study of chemical compounds points to the 
intimate connection between molecular vibrations and chemical pro- 
perties; and as my experiments shew as close a connection between 
chemical properties and biological action, connected probably with 
modified molecular vibrations, I think we may at least hope that 
it is in this direction that some of the functions of living matter 
will find an explanation, and that the connection between biological 
action and chemical properties will be shewn to rest on a less empirical 
basis than at present. Another interesting fact bearing on the subject 
has been pointed out by Mr Newlands in connection with his 
discovery of the periodic law, viz., that the atomic weight of all the 
elements that enter at all largely into the formations of organised 
beings is confined within very narrow limits, or from 1 to 40. In 
view of the very unstable condition which is an essential element 
for the existence of living matter, it is probable that a body with a 
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higher atomic weight than lime could not form part of a living 
molecule without endangering its existence. I must admit that these 
considerations are very theoretical, but they have been brought 
forward to indicate the direction in which I believe ene Balsiinad 
may be 
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PROCEEDINGS» 
OF THE 
PHYSIOLOGICAL SOCIETY, 
1887. 


No. II. 


February 12, UNIVERSITY COLLEGE. 


1. Dr HALLIBURTON communicated the results of experiments per- 
formed with the object of preventing the coagulation of muscle-plasma 
‘by méans of solutions of neutral salts. The solutions obtained under- 
went coagulation when diluted, as does salted blood-plasma. 

It was also found that solutions of myosin, obtained from muscles 
which had undergone rigor mortis, underwent a similar coagulation on 
dilution. It was shewn that this was not a simple precipitation ;—it is 
first a jellying throughout the liquid; the clot subsequently contracts, 
squeezing out a colourless fluid ; this does not take place at 0° C.; it 
occurs most readily at the temperature of the body, and is hastened by 
the addition of a ferment prepared from muscle in the same way as 
Schmidt's ferment is prepared from blood. This ferment is not identical 
with fibrin ferment, as it does not hasten the coagulation of salted blood 
plasma, nor does the fibrin ferment hasten the coagulation of muscle 
plasma. 
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2. Dr SipnEY MARTIN made a few remarks on two classes of 


_ vegetable globulins. 


In the first class, vegetable myosins were considered : those existing 


in the flours of wheat, rye, and barley. They have similar properties. 


(1) They are all readily soluble in 10 to 15 per cent. sodium 
chloride solution, and are precipitable from this solution by saturation 
with sodium chloride or magnesium sulphate. They are soluble in 10 
per cent, magnesium sulphate solution, and are coagulated in this solution 
at a temperature of 55°—60° C. 

(2) Ifthe salt be dialysed away from the saline solution of globulin, 


_ the latter is precipitated as all other globulins are: but it is no longer 


globulin, since it is insoluble in saline solutions (either of sodium 
chloride or magnesium sulphate). It is however soluble in dilute acids 


-and dilute alkalies (0°2 per cent.); and from these solutions it is 


precipitable by neutralisation, the precipitate being soluble in excess of 
alkali or acid. During precipitation by dialysis of the globulin from a 
saline solution, the proteid has been changed into a body having the 
properties of an albuminate. 

(3) If the saline solution of globulin (in 10 per cent. sodium 
chloride) be placed in an incubator at 35°—40°C., in 12 to 18 hours a 
fine flocculent precipitate falls, while the globulin disappears from 
solution. The precipitation is more rapid if the saline solution be 
diluted. This precipitate is no longer soluble in saline solutions of any 
strength; but is soluble in dilute acids and alkalies. It exhibits, in 
fact, the same properties as the precipitate of the globulin by dialysis. 
At a temperature of 35°—40° C.,, therefore, the globulin is transformed 
into an albuminate. | 

The ready transformation of the soluble globulin of wheaten flour 
into an insoluble albuminate is one of the phenomena which take place 
during the formation of gluten, as I have stated elsewhere. 

The second class of vegetable globulins is in distinct contrast to the 
first class. Two proteids of this class have been found, one in the papaw 
juice (Carica papaya), and previously described’; the other has recently 
been found in the seeds of Abrus precatorius (Lequirity). Both these 
globulins exhibit the following properties. Like all globulins they are 
soluble in saline solutions and are precipitated by saturation with 
sodium chloride and magnesium sulphate. In a 10 per cent. solution 
of magnesium sulphate, they coagulate between 70° and 75°C.: differing 


1 Journ of Phys., Vol. v1., No. 6, p. 353. 
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thus from the members of the first class. When precipitated from their 
saline solutions by dialysis, they are still soluble in solutions of sodium 
chloride and magnesium sulphate of 10 to 15 per cent.: not being 
transformed into albuminates. Nor are they precipitated from their 
saline solutions by long exposure (over three days) to a temperature of 
35°—40°C. In both these points they differ from members of the first 
class. 

_ The second class contains proteids similar in properties, as regards 
solubility, heat-coagulation etc., to the paraglobulin of serum: they are 
therefore best named vegetable paraglobulins. The members of the 
first class more closely resemble myosin in their properties: and may be 
called vegetable myosins. 


Dr SANGER Brown exhibited some monkeys upon which he had some 
days previously in conjunction with Prof. Schafer effected the removal of 
certain parts of the brain. In one the occipital lobe of one hemisphere 
_ had been completely removed and the animal was proved to be hemiopic. 
In another both occipital lobes were completely removed with the result — 
that the animal appeared absolutely blind. In a third both angular 
gyri had been completely destroyed : this monkey shewed no perceptible © 
defect of vision, nor was any noted immediately after the operation. 
It also exhibited no lack of sensibility in the conjunctiva or eyeball of 
either side. | 

Two other monkeys were also shewn to the Society, in which the 
superior temporo-sphenoidal gyri had been destroyed upon both sides. In 
one of these the greater part of the remainder of the temporo-sphenoidal 
lobe had also been bilaterally removed. Both animals gave distinct 

evidence of still possessing the faculties of hearing, smell and taste. 


Prof. Schiifer exhibited an electric chronograph of very simple 
construction and low resistance, but capable of registering very minute 
intervals of time. The instrument is made by the mechanic of the — 
laboratory, J. Backhouse. 
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PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 


1887. 


No. III. 
March 12. KIne's CoLLEGE. 


1. DrC. A. Mac Munn made the following communications, 

Chromatology of sponges. 

Dr ©. A. Mac Munn described the results of an examination of 
various sea-water sponges by means of the spectroscope and shewed that 
in nine species chlorophyll is present. It has only been found in the 
fresh-water sponge by Ray Lankester up to the present time. In 
greenish, almost white, blackish, and red specimens chlorophyll may be 
present. The sponges in which chlorophyll was found to be present 
are: Halichondria panicea, H. rosea, H. caruncula, H. incrustans, H. 
servata, H. sanguinea, Halina Bucklandi, Leuconia Gosset and a trace 
in one specimen of Grantia coriacea. 

A histohaematin soluble in glycerin was found in seven species, 
namely, alichondria panicea, H. rosea, H. albescens, H. incrustans, 


Halina Bucklandi, Hymeniacidon albescens and Leuconia Gossei. 
| This may be present with or without chlorophyll, but in some 
reddish sponges it is replaced by tetronerythrin or allied pigments. In 
Grantia coriacea a peculiar chromogen is present which darkens on 
heating and is accompanied bya lipochrome. In most sponges examined 
various lipochromes are present. Adding to the above the six species - 
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of spongé whose extracts were found by Krukenberg to give a band in 
the red we may infer the presence of chlorophyll in at least 15 species 


of sea-water sponges. Krukenberg thought the band in the red belonged © 


to “hepatochromates ”, but Mac Munn has. shewn that such pigments 
are really chlorophylls. Besides these, other colouring matters were 
observed. 

Heematoporphyrin in Soldcartus strigillatus. : 

Dr Mac Munn also demonstrated the presence of haematoporphyrin 
in the mollusk Solecurtus strigillatus from the south coast of France. 
This pigment occurs all over the animal's body except in the parts 
attached to the shell. It is curiously distributed in the epidermis, 
being laid down at the margins of the epithelial cells (which are 
serrated), and reminding of endothelium cells stained with nitrate of 
silver. In the Journal of Physiology, Vol. vu. p. 240 and seq., the 
presence of haematoporphyrin, existing as such, in the integument of 
several invertebrates was proved by Mac Munn, and it was shewn that the 
bands of the pigment in the solid state correspond to those of Prof. 
Moseley’s polyperythrin. On mounting some of the epidermis of * 
Solecurtus in balsam and comparing with a specimen of polyperythrin 
kindly given by Prof. Moseley the bands are found to correspond 
exactly. On isolating the pigment from Solecurtus in the manner 
described in the Journ. of Physiol. (loc. cit.) it is found to be haema- — 
toporphyrin, 

“ Yellow cells” of Anthea cereus. 

Dr Mac Munn also exhibited stained sections of the tentacles of 
Anthea cereus shewing abundance of unicellular algae within them. 
The chlorofucin of this species has been isolated, and found to be 
exactly the same as that obtainable from olive sea-weeds, e.g. Laminaria, 
Fucus, &c., which confirms the statements of Sorby, and also proves that 
in Anthea the chlorophyll is due to the presence of symbiotic algae. 
This confirms the results published in Philos, Trans. Part 11. 1885, 
p. 657. 

Chlorophyll in Flustra foliacea. 

Dr Mac Munn also demonstrated the presence of chlorophyll in 
Flustra foliacea; it can be shewn to belong to the peculiar ‘“ brown 
bodies” which Prof. Moseley says are due to the atrophy of the zooids. 
Possibly this chlorophyll may be an enterochlorophyll, but Prof. Moseley 
further states that the “brown bodies” contain diatoms &c., eaten by the 
zooid, so that the chlorophyll may be derived in this case from food 
products, although it does resemble enterochlorophyll in spectrum. 
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2. Dr BLAKE made the following communication, “On the connec- 
tion between the spectra of the elements and their biological action.” 

At a former meeting of the Society I made some observations on the 
probable connection between the action of inorganic substances on living 
matter and molecular vibrations. On investigating the subject I find _ 
that many facts that I have discovered whilst experimenting with these 
inorganic compounds plainly shew that a close connection exists between 
the spectral relations of the elements and their biological action. A 
marked example of this connection is found in the explanation it affords 
of the anomalous biological action of the compounds of potassium and 
nitrogen. In a paper read before the Royal Society in 1841, I stated 
that these compounds formed an exception to the rule I then first 
published connecting the biological action of a substance with its 
isomorphous relations, and since that time, although I have ascertained 
the biological action of more than forty of the elements, no other 
exception has been found. As a general rule the elements in the same 
isomorphous group have homologous spectra, but these two elements, 
potassium and nitrogen, form a marked exception to the rule; the 
spectrum of potassium being quite different from that of the other 
alkaline metals and the spectrum of nitrogen from that of the other 
elements in the phosphorous group. I have observed other facts 
shewing a connection between the spectral relations of the elements and 
their biological action, but as these have been stated in a paper 
presented to the Royal Society I shall not now allude to them. It is 
not surprising that in living matter we find a substance eminently 
susceptible to the influence of molecular vibrations. The synthesis of 
the proximate elements from which animal tissues are formed is brought 
about through the transformation by vegetables of kinetic energy 
directly derived from luminous vibrations. The potential energy thus 
stored up is again set free in living animal tissues as vibrations, certainly | 
as regards animal heat, probably as regards nerve energy. That living 
substances should have their action modified by the molecular vibrations 
of the reagents with which they are brought into contact, will seem 
highly probable when we consider the conditions under which they are 
formed and the form of energy that is set free in those continual changes 
which are going on in animal tissues as the essential condition of their 
existence as living matter. | 

“Remarks on Physiological nomenclature.” Dr Blake observed that 
the term Physiological action of a substance was ambiguous as at present 
used, since it was applied to reactions which took place in tissues or organs 
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that had been removed from the body as well as to those which took place 
whilst the organ or tissue still formed part of a living animal. As he 


had shewn that there was a marked difference in the action of substances 


when applied under such different conditions, he would propose that the 


term physiological action should be restricted to effects produced on 


tissues after they had been removed from the body, and that the term 
biological action should be employed when describing the action 
reagents on living animals, 


3. Dr HALLIBURTON made a preliminary communication on the | 
proteids of cerebro-spinal fluid. A few specimens of fluid obtained from — 


- meningoceles and from cases of chronic hydrocephalus were examined. 


It was found that all the proteids were precipitable by saturation with 
magnesium sulphate. Serum albumin was therefore absent. The pre- 
cipitate was redissolved and found to consist of a small quantity of 
serum globulin, but the greater part consisted of proto-albumose. In 


_ one case a variety of albumose was present which was not precipit- 


able by magnesium sulphate or sodium chloride (deutero-albumose). 
In cases of acute hydrocephalus the total quantity of proteids in the 
cerebro-spinal fluid was greater than normal, and the fluid contained 
serum albumin as well as serum globulin and albumose. The question 
as to whether a proteolytic ferment exists in the fluid has not yet been 
investigated. A number of specimens of hydrocele, pericardial, peri- 
toneal, and pleuritic fluids were also examined for albumoses, but with 


negative results, Several specimens of human blood, and the blood of 


other mammalian animals, were also examined, but no albumose was 
found in any of them. 

This peculiarity of the proteids of cerebro-spinal fluid, together with 
the previously known facts of the existence of a substance in it which 
reduces solutions of cupric hydrate, and of the excess of potassium over 


sodium salts in the fluid, shews that effusions into the cerebro-spinal 


cavity differ considerably from the other so-called serous effusions. 


4. Mr BRADFORD made a preliminary communication on the cause 
of the paralytic secretion in the submaxillary gland of the cat. As is 
well known, section of the chorda tympani nerve causes a slow con- 


tinuous secretion of saliva and pari passu with this a slow atrophy of 
the gland substance. This atrophy is due to diminution in the proto- 


plasmic part of the gland cells. 
In the cat, the effects of excitation of the chorda tympani are very 
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similar to those obtained on excitation of the cervical sympathetic. 
This is shewn, firstly, by the fact that the percentage of solids in the 
saliva is very nearly the same in both cases, and, secondly, by the fact, 
that the electrical variations are similar in the two cases. Hence the 
chorda and the cervical sympathetic contain both the so-called secretory 
and the so-called trophic fibres of Heidenhain. 

Section of the cervical sympathetic low down in the neck does not 
- cause a paralytic secretion, nor does it cause atrophy of the submaxillary 
gland. Three days after such section, no saliva can be obtained by 
excitation of the nerve, at any point, right up to the superior cervical 
ganglion, although the branches from the ganglion to the carotid give a 
copious secretion on excitation. Hence the nerve is degenerated, up to 


the ganglion, in three days. This fact is in striking opposition to what — 


obtains for the chorda; here, as Langley found, the nerve when excited 
close to the hilus of the gland still gave a copious flow of saliva thirteen 
days after section. 

Extirpation of the superior cervical ganglion in the cat desea not 
cause a paralytic secretion and is not followed by atrophy of the gland. 

Hence although the chorda and the sympathetic of the cat contain 
both secretory and so-called trophic fibres, yet section of the former 
produces a paralytic secretion, and section of the latter does not. 

Again, the cells of the submaxillary gland have been found by 
Langley to diminish in size after prolonged excitation of the gland 
nerves, and to increase again in size during rest. This increase is in all 
probability due to a growth of the protoplasmic part of the cell. 

Reviewing the above facts, it seems not improbable that, normally 
impulses are descending certain fibres of the chorda, of such a nature 
as to lead to a growth of the protoplasmic part of the gland cells; on 
section of the nerve these impulses no longer reach the gland, growth 
no longer occurs, and hence the gland atrophies. With regard to the 
’ sympathetic, either this nerve does not convey any such impulses, or 
conveys very few as compared with the chorda. On this view the 
atrophy of the gland would be explained, but not the actual paralytic 

secretion. It is however possible, that these impulses tending to 

produce a growth of protoplasm, may at the same time tend to inhibit 
the secretory process, that is to say, that the fibres that are “anabolic” 
are at the same time inhibitory as regards secretion. _ 

These anabolic fibres are probably distinct from the secretory and 
so-called trophic fibres of Heidenhain, as according to the above experi- 
ments they are not present in the sympathetic. 
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Some remarks were also made with regard to the function of the 
submaxillary ganglion, but as these experiments are not yet completed, 
they will be reserved for a future communication. . 


5. Dr CrooksHank demonstrated a parasite found in healthy rat’s 
blood similar to that of the ‘Surra’ disease of mules and camels of India. 


6. Dr YEO demonstrated the method of determining the latent 
period with a new electric signal manufactured by the Cambridge 
Scientific Instrument 
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A preliminary account of some observations on “Hypnotism.” By 
J. N. Laneey, M.A., F.R.S., and H. E. Winerizxp, B.A, 


We have made observations on twenty-two people, all but one being 
Undergraduates of the University. We have given our attention chiefly 
to the lighter states of hypnotism, in which the subject, when left to 
himself, appears to be unaffected. We would expressly state that we do 
not regard the conclusions given below as to the relative ease of produc- 
tion of the different hypnotic phenomena as necessarily —— to all 
subjects. 


1. When a person is told that he is unable to. perform a an action, 
we may say for convenience that an inhibitory suggestion is made to 
‘him. The less frequently a movement is executed voluntarily in normal 
life, the easier it is by an inhibitory suggestion to prevent a subject 
executing the movement, Thus it is easier to prevent a subject from 
opening his eyes, taking a deep breath, swallowing, shutting his eyes, 
than it is to prevent him moving his limbs. There is another factor, 
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the influence of which on the effect of an inhibitory suggestion it is more 
difficult to determine, viz. the frequency with which the action is executed 
reflexly in normal life. | 


2. When an iuibitney suggestion is made to a subject, the result is 
that he is unable to prevent himself from contracting the muscles 
antagonistic to the action, at the same time that he is contracting the 
muscles tending to bring about the action. 

The inhibitory suggestion affects the cortex of the cerebral hemi- 
spheres and produces there an activity, as the result of which the effect 
of the muscular contraction produced by voluntary effort is anntilled by 
the simultaneous contraction of the antagonistic muscles, In the first 
two or three experiments the subject thinks that he can make the 
movement until he has tried to do so. The inhibitory suggestion gives 
rise to what for lack of a better term is called an unconsciots idea. 
The unconscious idea takes a different form in different subjects; for 
example, one subject when given an object, and told that he cannot 
drop it, will grasp it more firmly, whilst another in similar circumstances 
will after some effort let go of the object with three fingers but im- 
mediately the remaining one is moved, another finger darts towards the 
thumb to prevent the object being dropped. 


3. There are two acts not mentioned above which can be prevented 
from taking place by an inhibitory suggestion ; viz. (a) the act of sneezing 
during irritation of the nasal mucous membrane, () the act of micturi- 
tion. These acts are the easiest of all to prevent. The cerebral changes 
which occur when these acts are prevented, are, we think, of fundamen- 
tally the same nature as those which occur in states generally recognized 
as hypnotic. 


4. The production of contracture by suggestion is the hypnotic 
phenomenon which can, as a rule, next to preventing the less frequént 
voluntary movements § 1), be most readily obtained. Thus the subject © 
is told that his arm is becoming stiff, and at the same time, to ald 
the suggestion, passes or light strokes are made down the arm; ai a 
result all the muscles of the arm contract. The antagonistic muscles 
contract with equal force, so that whatever the position of the arm to 


_ start with, the position is not altered. We have not yet worked out 


fully the order of ease with which the different parts of the body can 
thus be made rigid, but so far it appears, that the more frequently the 
muscles are used voluntarily, the easier it is to produce contracture in 
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them. It will ‘s noticed that if this i is the case the effect of a sugges- 
tion of contracture on a given group of muscles varies inversely with 
the effect of inhibitory suggestions. | 


_ §. The contracture is not produced by the lower nervous. centres 

being freer to act in consequence of a suppression of the action of the 
cortex of the brain, since simple auditory suggestion are sufficient to 
bring it about, and there is no reason to suppose that in the absence of 
cortical action, the ordinary stimuli from the skin and muscles are suf- 
ficient to cause strong contracture of the muscles, The contracture is 
due to an activity of the cortex caused by the suggestion, in consequence 
of which exciting nervous impulses are sent out from the cortex to the | 
lower centres. | | 


6. A subject after a little practice can readily produce at will a 
state of contracture in his limbs which he cannot at once do away with. 


7. It is usually more difficult to make a subject execute a move-— 
ment than it is to produce contracture by suggestion. The command 
to execute a movement we may conveniently call an ‘imperative sugges- 
tion’. Like inhibitory suggestions they produce as a rule the more 
readily an effect, the less frequently the movement suggested is normal- 
ly brought about voluntarily. Thus it is easier to make a subject, who 


is only slightly susceptible to hypnotic processes, shut his eyes than it is, 
to make him flex his arm. 


8. In more susceptible subjects there are other phenomena which 

as is well known can be produced. They are—(a) Inability on the part 
of the subject to stop a movement which he has begun, on being told 
- that he cannot stop. (b) Cutaneous and muscular anesthesia, (c) 
Illusions and hallucinations. With one or two exceptions we have only 
obtained these phenomena in the “waking” state in subjects in whom 
the somnambulistic state had previously been produced, so that we are 
not prepared to say anything as to the relative ease with which they can 
be obtained. 


9. The hypnotic stage in which loss of memory can be produced by 
- suggestions is different in different subjects; one subject could be made 
to forget his name more easily than 5a could be made to flex his arm, 
this is usually not the case. 


10. We have above spoken of its while can be produced 
without any change in the appearance of the subject, except a certain 
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intentness of attention to the operator and may be a slight dilatation of 
the pupils, In this state until a suggestion has been made, we cannot | 
tell whether it will be successful or no, 


11. When the hypnotic processes are prolonged, the order of ease 
with which the various phenomena can be obtained is much the same as 
when they are brief, but (a) there is more or less drowsiness, (5) 
catalepsy is readily produced, and in a variable time there is (c) a 
disinclination to make any voluntary effort. 


12. We may distinguish as somnambulistic stages of hypnotism, 
those stages in which illusions and hallucinations can be produced, and 
in which at the end of the illusion or hallucination the subject obviously 
does not return to a normal state. In most of the cases in which we 
have been able to produce the somnambulistic state, it has taken a very 
short time to do so, i.e. a time varying from a few seconds to a couple of 
minutes, 

13. We are inclined to think that making a subject do something 
at the same time as suggesting an illusion,—for instance making the 
subject deliver a speech,—greatly aids the production of the somnambu- 
listic state, | 

14, The effect of telling a subject to sleep varies greatly; in some 
cases it produces the outward appearances of sleep, but illusions are not 
more readily produced ; in others it renders. illusions much easier to pro- 
duce, and it may cause loss of memory on awaking of all that the subject 
has seen, heard, or done, from the time when the command was given to 
the time of awaking. 


15. In the early somnambulistic stages we generally find it easiest 
to produce illusions which lead to action; next to these simple illusions 
of hearing and sight, such as making the subject hear a peal of bells, 
or see a spot of light. With regard to visual illusions a subject may be 
made to see on a blank piece of paper a picture of the object with 
which he is familiar more readily than one with which he is not familiar, 
and so also he will see the illusory picture more pemenly if he is shown a a 
sketch of the thing he is to see. 


16. A subject in consequence of a suggestion may act as though he 
believed what he has been told, and yet on awaking say that he did 
not believe it; thus when shown a blank card and told it is a photo- 
graph he will look at it and say, ‘It’s not very good, it’s rather misty’; but 
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when awakened and asked what he remembers will say that he was 
shown a blank card and told it was a photograph, = that he saw a 
blank card only. 


47. Allour subjects in the ee les stage have responded to 
suggestions when made by either of us, but we have little doubt that by 
suggestion either of us could make a somnambulistic subject insensible 
to all suggestions except those coming from him. — 


18. Our experiments confirm Binet and Féré’s view that when a 
subject is made to see a picture on a blank piece of paper, he takes 


note of some mark or group of marks on the paper, and this when seen 


subsequently by him gives rise in his mind to the idea of the picture. 
When a piece of Iceland spar is placed over the paper, and the subject 
perceives the two images of the marks thus produced, he sees two 
pictures of the object originally suggested. 


19, According to Charcot and others when a subject is made to 
look for some time at a white piece of paper and told that it is coloured, 
on looking at another white piece of paper he sees it of the contrast 
colour to that originally suggested. Without doubting that this may 
often be the case, we have only once obtained it, and in this case the 
subject when awake was aware what colours would be seen after ooking 
at red, green, blue or yellow. 

In an earlier experiment, this same subject though always secing a 
colour after a suggested one, saw not the proper contrast colour but one 
lying between it and the suggested one. Thus after looking for a 
- minute or a minute and a half at a white card which he was told was 
red, he said that another white card was orange. This may perhaps be 
explained by a certain amount of persistence of the suggested colour. 


20. That a suggestion does not always instantly disappear when 
_ the operator withdraws the suggestion is we think shown by the 
following experiment. A subject in the somnambulistic stage is given 
a hand dynamometer and told to squeeze it as hard as he can. Then he 
is told that his hand and arm are paralysed, and shortly after that his 
- hand and arm are no longer paralysed and that he can move them as 
_ before. The dynamometer is given him and he is told to squeeze it as 
hard as he can. The force he exerts is less than that previously exerted, 
and this is so whether he is left in the somnambulistic tate or 
awakened before he is given the 5s arc 
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- 21, When a square piece of coloured paper is placed on a white 
card, the subject on looking at it soon sees the contrast colour round the 
edge of the square ; but if the outline of the square is drawn on the card 
and the subject is told that the square is coloured, he does not see 
any colour at the edge of the square although when shown another 
card he sees a square of the modified (cp. §19) contrast colour. 

This indicates that the fringe of contrast colour seen round the edge 
of a coloured patch is a central nervous process and not a peripheral 
retinal one. | | 


22. According to Binet and Féré a subject who does not see colour- 
ed objects in consequence of having been told that he cannot do so, will 
nevertheless soon see the contrast colour when he looks steadily at the 
spot where the coloured object is. This we can confirm. In Binet and 
Féré’s cases the coloured objects were made invisible; whether they 
become so or no depends upon the form of the suggestion. Thus to one 
subject one of us said, ‘You can’t see red.’ The subject was then 
shown a red piece of paper and asked what colour it was. He replied, 
‘White.’ He was told to look steadily at it. In a short time he said, ‘It’s 
getting green round the edges’.’ Another subject was told that he 
couldn’t see anything red. When a red piece of paper was held up 
before him, he insisted that there was nothing there; a piece of purple 


paper he recognized at once. 


23. We have not found so far that anesthesia can be produced in 
those subjects who do not go beyond the lightest somnambulistic stage, 
though it can be produced without any somnambulism. In the deeper 
somnambulistic stages it can be readily produced by suggestion; in such 
case there may be almost complete loss of muscular sense, thus a 
subject is told that his left hand is insensitive, he cannot then tell the 
positions in which his fingers are placed or touch any one of them with 
the other hand except after prolonged searching. After a trial or two 
he generally proceeds by feeling down the arm until he comes to the 
hand, and then counting the fingers as he might so many bits of wood 
laid on the table. In doing so the subject appears to forget the thumb, 
and reckons it as the first finger, so that when told to touch the second 
finger he eventually takes the first, when told to touch the fourth he 
eventually takes the third. In one subject muscular sense was appar- 
ently for a time retained after cutaneous anesthesia had been produced, 
with regard to this we require to make further experiments. 


1 Added, May 20. 
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24. Transference of anwsthesia by placing a silver coin on the 
insensitive skin we have obtained in one subject in the waking and in 
another in the somnambulistic state, but in these cases the anzsthesia 
was only tested by pricking the skin with a pin. One subject was cer- 
tainly aware of the object of the experiment, and we believe that the 
other was also. Since there was no transference of anesthesia in 
another somnambulistic subject who was not aware of the object of the 
experiment, it is probable that in the successful cases the transference 
was simply due to suggestion. 

25. We have not found that a magnet produces any effect on 
subjects either in the waking or in the somnambulistic state, but our 
experiments with regard to this have been few. 


26. The production of anesthesia in the somnambulistic state 
enables anesthesia to be produced in the waking state. Whether the 
subject on awaking from the somnambulistic state does or does not 
remember that anesthesia has been produced in it is of no consequence. 
It is probable that any condition which has been produced renders that 
condition more easy of production subsequently. To this is in part due 
the difficulty of determining the stages of hypnotism. 


27. Slight sensory stimuli of which the waking subject is not 
- conscious may we think cause contracture and anesthesia. A case of this 
kind is recorded in the Proc. Soc. Psychical Research, In our experiments 
the subject passes his hands through a screen, and is asked to give his 
closest attention to his fingers and to say when he feels anything what- 


ever in them. In several cases contracture or anzsthesia has been — 


produced by the operator making passes an inch or more from one or 
other of the fingers of the subject or by the operator keeping his fingers 
near one or other of those of the subject and under conditions which 
seem to us to preclude the contracture or anesthesia being the result of 
auto-suggestion (§ 6). We must note that in these, as in many other of 
our experiments, we are entirely dependent upon the good faith of the 
subjects. 


- 28. Heidenhain has mentioned that in some case he found cutane- 
_ ous anesthesia to disappear before the sense of temperature. In one of 
our subjects in whom cutaneous anesthesia can readily be produced in 
the waking state in the fingers separately, there is a stage in which 
warm and cold bodies are readily felt but in which the prick of a pin is 
not felt. Thus when one of his fingers is stroked fifteen or twenty 
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times in succession, and he is asked to say what he feels, he says during 
the first strokes, ‘You are stroking my finger ;’ later, ‘ You are passing 
something warm over my finger ;’ later still the stroking does not give 
rise to a sensation either of touch or of temperature. 


_ 29. When one or more fingers are made insensitive by downward 
strokes, either in the waking or in the somnambulistic state, there is a 
stage in which an upward stroke, or even a slight dragging of. the skin 
upwards, is felt though a downward stroke is not. 


Communications were also made by Dr Grirrits, Dr GasKELL, 
Mr Heap and Dr Mort. 
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1, Two series of preparations of fish, sent by Professor Ewart, 
were exhibited, for the purpose of showing that, in the absence of sepsis, 
the rigor which follows sudden extinction of life persists for an indefinite 
period. The fish had been killed instantaneously by electrical dis- 
charges. Those of one series had been placed at once into sterilising 
liquids containing carbolic acid or 1/10 per cent. of corrosive sublimate, 
and then into sterilised water; those of the other series into the same 
sterilising liquids after rigor had passed off. The former showed rigor 
which had persisted in some instances for several months: it was 
strongly marked and contrasted with the limp condition of the others. 


9. Mr Gossace exhibited the resulie of experimented to 
Salkowski’s and Haycraft’s methods of determining uric acid. 


8. Mr E. B, Poutron exhibited some ova of Smerinthus ocellatus 
and of S. populi, and some young larve of the former species, 
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The colour of the ova in both species was shown to correspond with 
that of the larval stage of the female moth which laid the eggs; and 
the young larve are also similarly tinged immediately after hatching, 
although their subsequent appearance is known to be determined by 
their coloured surroundings. The colour of the eggs and newly-hatched 
larvees appears to strictly follow that of the female parent, and a 
similar correspondence was witnessed in the unfertile ova laid by 
unimpregnated females. 

These observations render it probable that the chlorophylloid pig- 
ments persist throughout all the stages of one ontogeny and are then 
handed down to the earliest stage of the next. If this be not so, the 
pigments after being destroyed at each of the changes must be re-formed 
immediately without change in colour, so that the individual tints are 
preserved as perfectly as if the same pigment had persisted. 


4 Inhibition of Tortoise Heart. Mr Gotcu showed an experiment 
in which a sensitive capillary electrometer was placed in connection 
with the beating auricle of the Tortoise heart. The heart was prepared 
according to Dr Gaskell’s plan, by dividing the aorta and tying up the 
right auricle by a ligature attached to its apex. The contacts were 
made at the injured apex and the uninjured base respectively. The 
electrometer showed the existence of a demarcation current and the 
usual rhythmical monophasic excitatory electromotive change. The 
trunk of the right vagus nerve was excited by means of the interrupted 
induction apparatus (Helmholtz) and the heart inhibited. It was 
observed that during inhibition the top of the mercurial column re- 
mained steady at the level which it assumed during diastole, and that — 
on inhibition ceasing the rhythmical excitatory variations recommenced 
with a very small excursion, the successive excursions increasing in size 
until the normal was attained. 

Demarcation current in the Ventricle. Mr GotcH communicated 
the result of some experiments having reference to the demarcation 
- current in the ventricle of the Frog and Tortoise, and demonstrated by 
an experiment the method employed. The observations were made 
upon both ventricle-apex, and Stannius’ preparations. An effective 
injury having been made either by mechanical or thermal means, the 
injured and uninjured surfaces were connected with a high resistance 
galvanometer and the “demarcation” current compensated. The 
galvanometer circuit was now alternately closed for twenty seconds 
and opened for twenty seconds by a slowly revolving mercurial rheotome, 
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the time of closure being purposely long in order to cover the “ falling ” 
time of the needle (15”). 


Any alteration in the demarcation current shows itself at each closure 


by a swing of the needle, the direction of which indicates the subsidence 
of the demarcation current and the resulting predominance of the 
compensating current, whilst a comparison of the successive deflections 
corresponding to successive closures indicates the rate at which such 
subsidence progresses. 


In the ventricle of the Frog the demarcation current is seen to 


decline at first rapidly and then more and more slowly, but in the 


fresh Tortoise ventricle it is often observed to increase for the first few . | 


minutes after injury. 

If during such a series of observations the motionless preparation be 
excited, during the period of break of circuit, either mechanically or 
electrically, the deflection obtained during the succeeding closure indicates 
whether or not the rate of subsidence has been accelerated by the 
occurrence of an active excitatory change. As the excitation is timed 
to oceur 10” before the closure of the galvanometer circuit, the electromo- 
tive change associated with the obvious contraction is eliminated. The 
result is to show (1) that the demarcation current subsides more rapidly 
when the tissue is excited than when the tissue is at rest, (2) that this 
more rapid subsidence is the more marked the sooner after the injury 
the observation is made, and (3) that it is more pronounced and 
more pene in the ventricle of the Tortoise than in that of the 


5. Dr’ BurpDoN-SANDERSON, referring to the first experiment which 
had been shown by Mr Gotch, stated that it was one of several which 
had been made in the laboratory for the purpose, if possible, of arriving at 
a better understanding of the very remarkable and interesting discovery 
lately made by Dr Gaskell as to the influence of the vagus nerve on 
the electrical properties of the injured auricle of the Tortoise heart, 
when thrown into a state of persistent diastole. It appeared quite 
unnecessary to refer to the details of the experiment with which Dr 
Gaskell’s paper had made all the members of the Society familiar. It 
- has been proved that when the auricle is prepared according to the 
method described, it remains for a length of time quiescent, and that in 
this condition the difference of potential between the injured surface at 
the tip and the uninjured surface at the base of the auricle is increased 
by the excitation of the right vagus nerve. 
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- This result may be understood to mean either, as Dr Gaskell 
believes, that. the sound tissue of the auricle, being in a normal state, 
undergoes a particular change in consequence of vagus inhibition, in the 
direction of storage or integration indicated by the greater positivity of. 
the sound surface, or that the vagus is still, as it has been hitherto held 
to be, a quelling nerve of which the function is to quiet down an 
existing excitation. In short, the question is which of the two motion- 
less states in which Dr Gaskell’s auricle successively presents itself is 
to be regarded as that of real inactivity. | | 

The form of experiment shown this afternoon tends, so far as it goes, 
to make it plain that electrically the state of inhibition is identical with 
that of diastole. But, before we admit complete identity, we must take 
into consideration that even with so sensitive an electrometer as the 
one now used there may be a difference which the instrument is 
incapable of showing. In fact a measurable difference does exist, for 


when the comparison is made by the ordinary method of compensation 


with the galvanometer, it is seen that the difference of potential 


between the injured and the sound surface is greater in the state of 


inhibition than in that of diastole by an amount less than 7555, of a 
Daniell, The observation is difficult and can only be carried out in a 
tortoise heart of which the frequency of beat is such that time is given 
to compensate accurately during the interval. This is the best method 
of comparing the diastole with the inhibitory state in the auricle of the 
tortoise. 

In the ventricle of the Frog very satisfactory experiments may be 
made which lead to results of the same kind. They are as follows :— 


(1) A frog’s heart rests on a cooled surface, from which it is sepa- 
rated by paraffin paper. The apex of the ventricle is injured by a hot 
wire, Leading off electrodes are applied to the base and to the injured 
surface. The heart is then made to beat at regular intervals of 2” by 
exciting one auricle. By an appropriate mechanism the galvanometer 
circuit is closed during ,”, each closing time ending ,,” before the 
excitation, A steady deflection is obtained which can be compensated. 
The needle being at zero, the heart is inhibited by momentary faradisa- 
tion of the inhibitory region. The needle-slowly moves in the direction 
of the demarcation current and continues to do so so long as the inhibition 


lasts. 


(2) A Stannius’ preparation is used. As in the last: experiment, the 
apex of the ventricle is injured and the leading off electrodes are 
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applied to the injured and to the sound surface. Beats are excited as 
before, through the auricle, but at intervals of 5”. The galvanometer 
circuit is closed for the period of 44”, which begins 4” after each 
excitation. The needle having been brought to zero by compensation, 
the excitation is discontinued, in consequence of which the heart 
subsides into its previous state of Stannius’ inhibition—the rheotome 
continuing to revolve. The result corresponds with that of the first 
experiment. The needle moves in the direction of the demarcation 
current when the excitation ceases, resuming its former position when 
the auricle is again stimulated. Both experiments show that the differ- 
ence of potential between the injured and sound surfaces is slightly 
greater in inhibition than in diastole. 

In order to understand the bearing of these experiments on 
Dr Gaskell’s discovery, it must be borne in mind that in his 
experiment the increase of the demarcation current, although it appears 
very large when observed galvanometrically, is relatively small when 


estimated in E.M.F.; that being understood it will be seen that the 


experiment just related and that of Dr Gaskell fit into each other. 
One shows that, in the Stannius’ heart, the annulling of the state of 
inhibition diminishes the demarcation current, the other that in the 
non-inhibited but quiescent heart the quelling influence of the vagus 
increases it. In diastole and in the Gaskell preparation, the heart is 
asleep, but not quite asleep as it is in inhibition. As regards the 
ordinary diastole the meaning of this no doubt is that there is a 
remainder of excitation which lasts until the next contraction. 


6. Mr Burcu showed two capillary electrometers which he had 
constructed and arranged so as te fit them for the purposes of physio- 
logical investigation, and illustrated by experiments their properties— 
one possessing great sensibility, the other great quickness of reaction. 

After giving some experimental proofs that the instrument is really 
an electrometer, not a rheometer, and showing how it can be constructed 
so as to retain its charge without leakage, he illustrated by photographs 
the effect of charging one of the electrometers shown (the “quick ” 
one) from a microfarad condenser, with successively increasing charges 


_ of the same potential. The experiments strikingly proved that the 


capacity of the electrometer as compared with that of a Leyden jar is 
very great—indeed enormous. 

« To the physiologist the electrometer is valuable for two purposes, 
namely, first as affording a means of measuring difference of potential 
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‘between two surfaces, as in the experiment shown by Mr Gotch, and 


secondly as an indicator of electrical changes following each other at 
short intervals of time.. The two instruments exhibited were adapted 
severally for these two purposes, and Mr Burch’s experiments showed _ 
wv on what physical qualities this fitness depends. 
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